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CODE  DESIGNATION 

CARBON  AND  LOW  ALLOY  STEELS  (FeC) 


1103  Fe- ( 0 . 1 SC ) -0 . 9?Mn-0. BON i -0. 50C  r-0. 46MO-0. 3?Cu-0.?6SS 


ULTRA  HIGH  STRENGTH  STEELS  (FeUH) 


1201  T e-(0.30C ) -0.95Cr-0. 20Mo 4130 

1203  - Fe-(0.4C)-lCr-0.2Mo 4140 

1204  f e-(0.3C)  - 1 .8Ni-0.8Cr-0.4Mo-0.07V 4330  V Mod 

1205  Fe-(0. 35C)-1. 8Ni -0. 8Cr-0.35Mo-0. 2V 4335  V Mod 

1206  Fe-(0.4C)-1.8Ni-0.3Cr-0.25Mo.  4340  (4337) 

1207  Fe-OC)-1.4SCr 52100 

1208  Pe-(0.3C)-0.55N1-0.5Cr-0.25Mo 8630 

1209  Fe-(0. 1 C ) - 3 . 2 5N i - 1 . 2Cr-0. IMo £9310 

1210  Fe-0.3C{S)0.28C(V)-l .3Cr-0.5Mo-0. 25V(S)0.85V(V) 17-22  A{ S) . 17-22A(V) 

1213  Fe-(0.46C)-1.0Cr-1.0Mo-U.bbNi D6A , D6AC 

1214  Fe-{0.25C)-1.8Ni-l  .S5i-l.3Mn-0.4Mo HY-Tuf 

1 2 1 5 fe-(U.4C)-1.6Cr-1  .lAHO.6Mn-Q.3SMo Nitralloy  13S  Mod 

1216  Fe-SNj-0.S5Cr-0.47Mo-0.075V HY-130/I40,  5Ni-Cr-Vo-V 

1217  Fe-{0.43C)-1.8Ni-l  .6Si-0.fi2Cr-0.4Mo-0.007V 300-M 

1218  Fe-(0.4C) -SCr-1 . 3Mo-0. 5V H-ll  Mod 

1220  Fe-18.M-7.SCo-5Mo-Ti-Al IfiNi  Maraging  {250  Grade) 

1221  Fe-9Ni-4Co-Cr-Mo-V 9Ni-4Co 

1223  Fe-18Ni-3.5Co-Mo-7i-Al 18Ni  Maragina  (200  Grade) 

1225  Fe-13Ni-8.5Co-Mo-Ti-Al 18Ni  Maraging  {300  Grade) 
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CODE 

AUSTENITIC  STAINLESS  STEELS  {FeA) 


DESIGNATION  REVISED 


1301  rp-IBCr-KNi Types  301  an d 302 

1302  Fe-IRCr-O'li  »S  or  So Types  303,  303  r-c 

1303  Fp-(Lok  C)-19Cr-10‘«i Types  304  , 304L 

1304  Fe-lRCr-12Ni Typo  306 

1 305  Fe-25Cr-20Mi Types  310,  3106 

3 30ft  Fe-?5Cr-20TJi~2Si 'vpe  314 

1307  Fe-  18Cr- 1 3*4  i *T'o . ... Types  316,  317 

1 308  Fe-lftCr-1  3Ni  +Mo Type  321 

1309  Fe-lRCr-12Mt *Cb Types  347  and  348 

1311  Fe.20Cr-10Ni-l.SMe-1.6X 19-Q  0L  and  19-9  OX 

1312  Fe-17Cr-fi.5Mn-4.5rii Tvpe  201 

1313  Fe-1 7Cr-£\i-(Mn-2Cu  * 6 20317 

1314  Fe-Low  C-21Cr-fifii-9Mn**| 21-6-9 


Mar  CiS 
Mar  72 
Var  73 
Mae  1? 
Mar  69 
Mar  63 
Mar  74 
Jun  It 
Dec  11 
Ma»-  63 
Op'  63 
Ma*‘  71 
Jun 


MARTENSITIC  STAINLESS  STEELS  (FeM) 


14C1 

' ype s .'.03,  410.  416 

Sep  71 
Sep  7 3 

1402 

Fe-0. 36C- 1 3( 

1404 

Fe-  (0.2C)-  16Lr‘-?':i 

. .431 

*ar  7 3 

1405 

F 0 - ( M i (. ) - 1 7C  r-  0 . 5 '■*•> . . . 

Type  440  A , P.  •'  and  r 

Se;»  7 3 

1407 

1409 

1410 

Fe- (0.04C )-l 1 .SCr-4 .06 1 -O. jT i 

fo-(low  1.  • r (.■ 

AM- 363 

4 1 CCb 

Mar  65 
Jim  72 

AGE  HARDENING  STEELS  (FeAH) 


1501 

Fe-17Cr-4*<i-4f  u 

1 7 -4frH 

Mar 

78 

1602 

Fe-17Cr-7Ni-lAl 

17-7P»* 

Mar 

70 

1503 

Fe- 1 5Cr-7Nt  - 2 . 6Mn 

r“i5-7M0 

Jun 

70 

1504 

Fe-17Cr-4*n-3Mo 

AM. 350 

Mar 

66 

1505 

re- 1 5 . 5Cr-4  . f,*ji  - 3Mn . . . 

1506 

Ff- {0. 3f } - IH. 5Cr-9 . 5\ 1 - 3 . f,vn 

p*JM 

Mar 

63 

1507 

Fe  - 1 4Cr-P*jT  _p  6M0-AI  . . 

i • lA.R-'n 

Mar 

71 

1509 

Ff-0.15C-14.5rr-n.5f,  -'."o-O.iv-' 

1 rt',r, 

AFC  7 7 

Mar 

70 

1510 

Fe-1 3Cr-P,*B  -?vn 

P»*l  3-8M0 

73 

1511 

fe-17Cr-7-:  * Ti 

Stairless  ‘-1 

Mar 

Cfi 

1512 

r°- 1 5Cr-7';i  ♦ T i 

AM  362,  Al-rar  362 

Mar 

68 

1514 

Fe-lowC-12Cr-aNi-?Co-Ui*Cb 

Mar 

76 

NICKEL  CHROMIUM  STEELS  (FeNC) 


1601  »o-?5Ni-15Cr-2Ti-l . 5 ttn-  1.3Mn-0.  3V A-286 

1602  Fe-20Ni-?0Cr-?0Co-3Mo-2.SW-lCb N-  16b 

1605  Fp-16Cr-KNi-7.5Mn-6Mo-'J.  350 16-16-6 

1607  Fp-34Ni-?0Cr incoloy 

1608  Fe-25 .5Ni- 1 SCr-3T  1 - 1 . ?SMo-0.  3V-0. 25A1 V-57 

1610  Fe-32Ni-20.6Cr-0.35C Incoloy  R02 

1611  Fe-?6Ki-19rr-l.25Si  RA330 

161?  Fp-35Ni-19Cr-1.25Si-.4i.r VA-330HC 

1613  *"p-3?Ni-20C r-0.  75Mn incoloy  800 

16M  Ft»-  32Ni-  20.  Sf  r-  1 . 1 T i . Incoloy  Alloy  801 


Mar  68, 
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Mar  6 3 
Mar  6 3 
Mar  63 
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Jun  7? 
Sep  76 
Sep  76 
Sep  76 
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CODE 

ALUMINUM  ALLOYS;  Cast  (AIC) 


DESIGNATION 


3104  At -5Si -1 .3Cu-0.5Hg 355,  C355 

3105  Al-7Si-0.3Mg 356,  A356 

3 1 Ofi  Al-4.SCu-0.8Aq-0.35Ho-0.25Ti K0-1  Cast 


ALUMINUM  ALLOYS;  Wrought,  Heat  Treatable  ( AIWT) 


3201  Al-4.5Cu-lMn-15i-0.5Mi3 2014,  Clad  2014 

3203  Al-4.5Cu-l.5Mrj-0.6Mn 2024 

3204  Al-4.5Cu-l.5M5-0.6Mn.  Clad Clad  2024 

3205  Al-6Cu-0.3!1n-0.?Zr-n.lV * 2219  and  Clad  X 2219 

3206  A!-lMg-0.6Si-0.25Cu-(0.09-0.2S)Cr 6061 

3207  Al-5.62n-2.5M9-l.6Cu-0.3Cr 7C75 

3208  Al-5.52n-2.5Mfj-l.6Cu-0.3Cr,  Clad clad  7075 

3213  A 1 - 2 . 5Cu- 1 . 5Mq-l  ,2'n-l  .0Fn-0.25i-0.lli 26.10 

3214  A1  -4.62n-i  .4"q-Q.5Mn-0. 17r-0.  lCr-O.rilTi r 7005 

3217  Al-7.67n-2.5Mo-l.5Cu-0.15Cr 7049#! 

3219  Al-5.62n-2.5Mg-l  ,f,Cu-0.?5Cr-ln»  Ti-Hn-'n 7175’, 1 

3220  Al-5.67n-2.2M9-!  .5fu-0.21Cr-l.nw  Si-ri-Mn-Ti X7475A1 

3221  Al-4.4Cu-l.5Mq-0.6Mn 2124A! 

3222  Al-6.?7n-?.?5Mq-2.2Cu-0. 177r 7050A1 

3223  Al-3.3Cu-l.5Mg-0.4Mn 2048  A1 


ALUMINUM  ALLOYS;  Wrought,  Not  Heet  Treatable  (AIWN) 


3301  Al-2.5Mg-0.2f.fr 5052 

3303  A1  - 5.  lMg-0.  RMp-O . lOCr 5J5A 

3304  A!  - 7Mg-0.  ?Cr -0. 0050-0.  n(, iff,. ,.X5090«1 


MAGNESIUM  ALLOYS;  Cast  ( MgWT) 


3401  Hg-5A1  -32f A 

34  02  Mg.9Al-0.77n A791 

340!  Mg-9A1  -27n A792A 

3404  Mg-38a-2.57n-0.62r T733A 

34  05  Hg-4.57n-0.77r 7*514 

3406  Mg-7.5Ag-2.OOi-3.47r Of  ??A 

3407  Mg-T  .87h-5.  77n-0.  767r  7H6?A 

3408  Mg-3.2Tn-2.17n-!.  77r H732A 

34QA  Mg.67n-0.87r ZC51A 


MAGNESIUM  ALLOYS;  Wrought,  Heat  Treatable  ( MgWT) 


35m  «Q- 8. 5*1-0.57* A7R0A 

W2  *0- 391 -0.5  lr [K3UA 

3503  Mn-3Th-0.77r" Hr31A 

3504  ra-?7*-G.e*n W2U 

3505  Mo-3^h-1.5Mn HT'3U 

3506  ^q-i.5Zn-0.5:- 7K60 

3507  "g- 1 Alt -K1 LAI  41 A 

3 5 OP  Mg-9l  i -1 A1 U91A 

3509  Mg-1 0A1  -0. lMn AM190A 


MAGNESIUM  ALLOYS;  Wrought  Not  Haat  TraataWa  (MgWN) 


3601  *q-3A1-Un AZ31B 

360?  Mg-lZn-0. ?9e ZF.10A 

3603  Mg-6Al-1Zn AZ61A 
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CODE 


DESIGNATION 


TITANIUM  ALLOYS  (Ti ) 


3701  Ti...  Ti,  Commercia  1 ly  Pure 

3706  T 1 -5A1  -2. 5Sn - 

3707  Ti-6A1«4V - 

3708  Ti-7Al-4Mo - 

3709  Ti-8Al-lMo-lV - 

3711  T i - 1 1 Sn - 52  r - 2 . 5A 1 - 1 Mo Tt-679 

3712  Ti-8Mn - 

3713  Ti-  1 3V-1 lCr- 3A1 R 120  VCA  Ti-Alloy 

3714  Ti-6A1-2Sn-4/r-6Mo T i -6A]-2Sr-4Zr-6Mo 

3715  T i -6A1  -6V-2Sn Ti-6-6-2 

3718  T i -6Al-2Sn-4Zr-?Mo - 

3719  T i- lAl-BV-5fe - 

3720  T i -6A1  - 2Cb- 1 7 .?  • n . HMo - 

3721  T i -8Mo-9V-  Ti-HMo-8V-2F e-3A1 

3722  T i - 1 1 . , 5Sn BETA  III 

3723  Ti-3A1-8V-6Cr-4Mo-42r 38-6-44 

3724  Ti-5Al-25n-J/r-4V.o-4Cr Ti-17 


TITANIUM  ALLOYS;  Cast  (TiC) 


3801 


T1-6A1-4V 


i-641-4V,  Cast 


NICKEL  BASE  ALLOYS  (<5*Co)(Ni) 


4101  Ni-15Cr-7Fn Inconel  Alloy  600 

410?  *4  • - 1 50-  3A1  -0. 5Ti Inconel  Allov  702 

4103  Ni-l°Cr-17Fe-5Cb-3Mo-0.87  i-O.GAl Inconel  Alloy  718 

4104  Ni-l5Cr~7Fe-2.5Ti-0.7Al Inconel  Alloy  722 

4105  Ni-15Cr-7Fe-2.STi-1C5-0.7Al Inconel  Alloy  X-750 

4107  Ni-35re-13Cr.6Mo-2.5Ti Incoloy  901 

4108  Ni-13Cr-6A1-4Mo-2Cb-0.7Ti 7131.C 

4109  Ni-27Fe-lSCr-4M0-4W-3Ti-lAl D979 

4112  Ni-22Cr-16Fe-9Mo-l -5CO-0.5W Hastelloy  X 

4115  Ni-2Thf)2 TD  Nickel 

4116  68Ni-29Cu-3Al-0.5Ti Monel  K-500 

4117  Ni-2?Cr-9Mo-4Cb-3Fe Inconel  Alloy 

4118  Ni-25Cr-18Fe-3«o-3W-3Co-1 .35Si RA- 333 

4119  Ni-13Cr-fiAl-4M0-2Cb-0.7Ti Incc  713C 

4120  Ni-18Cr-2ThO? TO  N’Cr 
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CODE  DESIGNATION 

NICKEL  BASE  ALLOYS  (>5*  Co)(  NiCo) 

420?  Ni-19Cr-10Co-10Mo-2.5T  i - 1 A 1 M-252 

•1203  Ni-{0.1C)-12Cr-inCo-flW-4Al-4Ti-n.05P-n.5Zr N i cm  tun  9 

4204  fli-?0Co-15Ci'-5Mo-4.6Al-1.37i *!i:-onic  105 

4205  Ni -19Cr-1  ICo- 10MO-3T i - ! . 5A1 opw?'  4] 

4206  rii-18Cr-l7Co-4Mo-3A1-3Ti Udirs^t  500 

4207  Ni -18Co-15Cr-5Mo-4.SAl  -3.57 i -0.038 Mdir-et.  700 

4208  0i-30Cr-14f.o-4Mo-3Ti-IAl Wa^palov 

420Q  Ni-(0.15C)-15Cr-15fn-5A1-4Ti-3.6Mo •iinonic  115 

4210  0i-20rr-lPCo-2.5Ti-l.5A1 *1  iron  it  90 

4212  ‘li-15Co-tnCr-5.5Al-4./Ti-3fio-n.«5v I’M  00 

4213  ?ii-10fo-8Cr-6Mo-6Al  -4Ta-lTi-.176*r.*/r«!l H- 1 900 

4214  Ni-14Cr-9.5Co-4Mo-4W-5Ti-3AHC+Zr*B R rne  80 

COBALT  BASE  ALLOYS  (Co) 

430?  Co-?0Cr-lW-10Mi t-605 

4304  Co-28Cr-SW-IC Stellite  6 

4306  Co-7BCr-I0tli-7.su Stellite  31 

4306  Co-27Cr-5Mo-3Ui Stellite  ?1 

4300  Co-21Cr- 1 lU-?r.»-l . 76i  Td*Ct.) Wl-B? 

4310  Co-Low  C-22f.r-22Hi-14u-.flHU Haynes  Alloy  IRH 

4311  Co-?4Cr-IONi-7W-3,!>t.i*Ti'.V Rar-M  509 

431?  Co-2B«l-3Cr-l  Ti-tl.s/r-O.Sf VM-103 


BERYLLIUM  ALLOYS  (Be) 


B101  t'e rervllium 

Blfl?  Pe-2CA1 toc.i  a 1 lov 


COLUMBIUM  (NIOBIUM)  ALLOYS  (Cb) 


5201 

5206 

S?0fi 

5209 

5210 

5211 


Cb 

Cb-28Ta- 10W- 17r 

Cb-5Mo-5V- 1/r 

Cb-10W-2.57r 

Cb-20Td-15W-5Mo-Zr.f 
Cb-10W-10Hf-0. iY. . . . 


( olui,;fiiiii“,  rorj-.nrc  i al  1 v I’ure 

’.rs-35 

. ! ” !!.! 8-66 

Ch-752 

CM  32/ 13?'* 

r h- 1 29  v 


MOLYBDENUM  ALLOYS  (Mo) 

5301  m0 Mnl ,'MeT.ir-,  Cnmesercial  1 v Pure 

5302  MO-0.  5*1 '-'ftl  yjnjnnu"'  Dave  Alloy 

5103  Mo-0. 6T i -t).  Dfl/r \*v 


TANTALUM  ALLOYS  (Ta) 


54m  Ta Tent-tier;.  Cwnorci.51  ly  Cure 

5402  Ta-10W Ta-lOW 

0403  Ta-8W-2.4Hf '-Ill 

6404  Ta-9.6U-2.4Hf-0.01C T-22? 

TUNGSTEN  ALLOYS  (W) 

5501  W Tungsten,  Conmercielly  Pure 

5502  W-0. 35Hf-0. 025C,W-4P»?-rt.  35Hf-0.0?5C W-Mfc  ,W-4P?-Mfc 


VANADIUM  ALLOYS  (V) 

ZIRCONIUM  ALLOYS  ( Zr ) 

5701  Zr-1.5Sn Zircalcv  2 
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FOURTH  QUARTER  - DEC.  1978 
1978  REVISION  - SUPPLEMENT  XI 


INSERTION  INSTRUCTIONS 

The  attached  Fourth  Quarter  of  1978  Revision  Supplement  XI  may  be 
incorporated  into  your  Handbook  as  follows: 

1.  Observe  the  numerical  sequence  of  the  alloy  code  numbers  and  pages. 

2.  Replace  the  1968  Chapter  Code  4212  (Ni-15Co-10Cr-5.5Al-4.7Ti-3Mo-0.95V) 
with  the  December  1978  revision. 

The  addenda  to  the  Table  of  Contents  and  Cross  Index  of  Alloys  on 
the  reverse  side  of  this  sheet  should  be  retained  until  the  Fourth 
Quarter  when  they  will  be  included  in  the  revised  sections. 


FOURTH  QUARTER  INDEX  ADDENDA 

(Dec.  1978) 

TABLE  OF  CONTENTS 
VOLUME  5 

4212  Ni-15Co-10Cr-5.5Al-4.7Ti-3Mo-0.95V  Dec.  1978 

CROSS  INDEX  OF  ALLOYS 

DESIGNATION  VOLUME  CODE 

AuSTENAL  100  5 4212 

AMS  5397  IN  100  5 4212 

I N 100  5 4212 


NiCo 


REVISED:  DECEMBER  1978  NONFERROUS  ALLOYS 

AUTHOR:  S.S.  M ANSON 


bKNKHAI. 


Ilii.s  nickel -base  alloy,  containing  largo  additions  of 
alunif'vm  and  titanium,  achieves  very  high  strength  at 
elevated  temperature.  It  has  thus  received  considerable 
attention  for  application  in  components  of  high  performance 
jet  eintir.es  such  as  turbine  blades,  vanes  and  nozzles,  and 
even  integral  turbine  wheels. 


1,0-1 


2.05 
1.0  51 


1.052 


Uccaus v of  die  large  quantities  of  strengthening  elements 
included  in  the  composition,  the  alloy  is  not  hot  worked, 
and  is  therefore  used  in  the  as -cast  condition.  Recently, 
however,  there  lias  been  considerable  development  of  a 
powder  metallurgy  product  which  permits  working  of  the 
alloy.  At  high  temperatures  the  powder  -consolidated  prod 
ucl  becomes  superplastic,  thus  opening  many  possibilities 
in  fabrication -to -shape  of  wrought  complex  components. 


* 


Also,  because  of  the  high  content  of  gamma  prime  precipit- 
ate that  constitutes  one  of  the  strengthening  components  of 
the  alloy,  the  equilibrium  solution  temperature  approaches 
the  solidus,  so  the  material  is  usually  used  in  the  as- cast 
condition,  without  heat  treatment.  However,  it  is  subjected 
to  heat  treatment  during  the  deposition  of  protective  coat- 
ings. The  jx>wder  metallurgy  product  is  heat  treated  to 
achieve  desirable  properties. 

Tlie  low  oxidation  and  corrosion  resistance  of  the  alloy  at 
the  high  temperatures  where  the  strength  of  the  alloy  is 
most  advantageously  used,  introduces  the  need  for  protect- 
ive systems.  A large  number  of  coaling  typos  have  been 
studied,  and  most  have  been  found  to  provide  sufficient 
protection  to  extend  the  useful  life  of  the  alloy,  commen- 
surate with  its  strength. 
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Exposure  to  high  temperature  and  stress  for  long  periods 
of  time  may  also  result  in  embrittlement  due  to 
precipitation  of  sigma  phase.  The  alloy  has  been  exten- 
sively studied  to  detc  rmine  how  to  avoid  such  embrittle- 
ment. Maintaining  a low  content  of  aluminum  plus 
titanium  has  been  found  effective,  .and  the  most  recent 
specifications  require  bounds  in  the  titanium  content 
(in  accordance  with  electron  vacancy  density  calculations) 
to  insure  that  no  deleterious  precipitates  develop. 

Because  of  the  interest  in  its  potential  use  in  advanced  jet 
engine  components,  the  alloy  (especially  the  powder  product] 
Ins  also  been  extensively  studied  in  relation  to  its  fatigue 
ehfir.'Ktei  is  tics,  particularly  fatigue  crack  growth  during 
cyclic  loading. 
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1 . 01  Commercial  Designation 


Alternate  Designation* 

(17)p  123. (I'm)  31*.  Austcnal  100,  AMS  5397  IN-100, 
Hdimet  l\-10n,  Haynes  Alloy  IN-100,  All-vac  IN-100, 
Vertex  IN  100. 

Special  designations  of  modifications  of  basic  compositions 
to  achieve  freedom  fi-’in  sigma  phase  pronensss. 

Internationa)  Nickel  Co.,  -INC0  731X 
General  Electric  Co.,  -Rene*  100 


1 . OP2 


Specifications 

A MS 5397 , Investment  cost 
G.E.  (original  spec.)  ','>0T77A. 

G.E.  (Rene*  llMi  niodiii  ation)  Cf*oT77C. 

G.  K.  Spec.  C 50*177 (’  specifies  that  the  elivtron  vacancy 
mimber  Nv  he  calculated  by  the  Pha  Comp  concept,  using 
the  procedure  of  Woodvatt  - Sims  - Hcattie  (15).  A maxi- 
mum value  of  2.  17  is  allowed  for  each  heal. 

AMS  5397  specifies  minimum  values  as  follows: 

V, 


’ (u 
1 ty  - y 


115  k;d 
ksi 


••(percent  in  1 in  or  -ID)  -5  percent 
AMS  5397  Spec,  for  creep  rupture  tost  at  lt*OOF.  29  ksi, 
ruplme  time  miniimun  of  23  hrs.  :ind  elongation,  (In  -ID) 
after  rupture  shall  be  4 percent  minimum. 


Composition 
Table  1.1H 

Heat  Treat  men  I (See  al.n  3.023) 

Commonly  used  in  as-cast  condition  with  m»  further  heat 
ireaimcnt. 

Heating  for  2 - l hr  at  19u»  to  2nouK  can  re-solution  sigma 
phase  precipitated  b\  cnep  exposure  at  lower  temperature, 
and  also  makes  alio)  more  resistant  to  sigma  phase 
precipitation  uj**n  Kubsiqm-nt  exposure  to  long-time  creep 
conditions  al  lower  temperatures  (12). 

Coating  applications  may  expose  alloy  a*  temperatures  IliuO 
- 2000 K for  periods  up  to  25  hrs  (lu,  p,  U).  INCO  reeoin- 
mrmls  that  if  tin  coating  is  to  be  diffused  at  1900-1 9501*’ , the 
alloy  should  receixt  aprelinrnary  high  temperature 
solulioning  at  21  in  1-21  .*iOl-*.  followed  by  aging  at  1 500-11*00 F. 


Ni 

15 

Co 

10 

Cr 

5.5 

Al 

4.7 

Ti 

3 

Mo 

0.95 

V 

IN-100 


This  should  provide  the  allot  with  a eapahilitx  of  maintain- 
ing a consistently  high  level  «»l  mechanical  properties. 

For  the  pnwler  metallurgy  product,  Pratt  and  Whitney 
Aircraft  tU»*f.  19,  |i  *■)  recommends  solulioning  at  2050 F, 
stabilization  ai  lOnci  amt  ImiuI  and  preeipiudion  hardening 
at  12nn  and  1 »ouF.  *l\pieal  lieal  l rent  meat  used  (see 
Table  3.  «'23i  221,  i)  , I Ins  * gnmiF,  -t  hrs  * Jf»5nr,  In  hrs. 


Hardness 

AMS  spec ilu?  Ilndness  Rf  3u- 1-1  or  equivalent. 

Effect  «>f  tempri ature  «-n  kinliuxs,  Fig.  l.oiiij 
Efleet  ot  i.  si  teinperaluri  <»n  IfrinHi  Hardness,  .is 
detennineil  b\  mulii.il  indentation,  ter  air  melted  and  east 
alloy  .mil  tor  vacuum  inched  and  vast  alloy,  Pig.  l.nuft. 


Forms  and  Conditions  Availably 
Invi sinicnt  fastings 

Gatorized  t Trade  Mark,  Pratt  \ Wliiincv  Aircraft  lor 
creep  ter:n«  d powder  product  IivdiosUilirnllv  pressed  at 
elevated  leinpei.iiui  «•»  lue-im  vli.-ka  „nd  other  .••haper.. 


Melting  and  Casting  Praelive 
Vacuum  nielleil  and  east 

Special  Consider  ations 

Heeausi  oi  the  low  i-lmimuun  content,  as  well  as  the 
presence  «*!  Vanadium.  oxid.iimn  resistance  is  not  adequate 
at  the  high  temperatures  where  the  strength  of  the  alloy 
assunus  special  advantage.  The  problem  is  usually 
overcome  In  die  use  of  aluminum  or  aluminum-base 
coalings.  Many  of  these  are  prnnriclury,  and  the 
compositions  as  well  xr  l.v.d -li  vatmeiib-  are  not  revealed. 
Information  provided  by  the  coating  producers  show 
beneiieial  etieois  of  coatings  as  protection  against 
oxidation  and  sulfidation,  and  improvement  of  thermal 
shock  resistance.  These  bend  its  are  apparently 
obtained  without  impairing  the  tensile  and  creep  propertied 
at  high  temperature,  (r.)p'd(7)(lli)(-i\)  to  (1..). 

The  high  hardener  content  «»f  die  alloy  makes  it  part  leu  - 
larly  prone  to  the  precipitin 'on  of  embrittling  phases,  such 
as  sigma,  upon  prolonged  ex|H*sme  h>  high  temperature, 
especial  I v if  stress  is  si  multajuanisly  applied,  special 
compositions,  lim  in  tiUmiu-u  content  have  been  found 
advantageous  for  n\'>j,lihg  such  embrittlement.  The 
luternalional  N’tel.el  ('oup.un  , original  developers  of 
IN  inn.  ha*  developed  a modification  deslgnati d as 
IN  731X,  |13)  atid  the  (..literal  Flee  trie  Company  has 
developed  la-ne’  l«to  f,*|-  this  purpnsi  , (13).  Doth  use 
Pha  Comp  techniques  (W|-.,  i , iu  , - 1 ron  vaeanev  of  the 

remaining  matrix  alter  ll»c  major  hardening  precipitates 
have  formed,  is  used  :is  a i*asis  lor  the  deteraiitialion  nl 
whether  sigma  will  lorm).  l-.vrrv  heal  requires  a separ- 
ate  compulation  to  ililri  mine  sigma -proni’iiess  because 
of  the  huge  variations  permitted  in  the  chemistry  of 

composition  limit.'  with  lower  titanium  contents,  are 
usually  sigma  fi  ei  nittun  il.c  spieitied  limits  ot  the  other 
element.".  The  iciulriiov  toward  sigma -pmnem-ss  was 
li rst  jepi'ried  in  reti  reiiee  (11)  b»  l»e  a result  oi  exposure 
to  high  u .npei  alines  lor  long  Umes.  imperially  at  stress. 
Heiereiwe  (1  I)  demons!  rates  tin  ire  extensively  the  ofFeets 
«»1  exposure  to  (i-iiipei  atm  e.  ami  simultaneous  exposure 
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1.094 


2.U1 

2.011 

2.012 


2.0120 

2.0121 

2.0122 

2.0123 


z.  on 

2.014 

2.015 

2.01B 


2.02 

2.021 

2.022 

2,023 


2.  Oil 


2.031 


to  stress  and  temperature*  Reference  (12)  reveals  that 
life  in  creep -rupture  at  1900K  could  be  reduced  by  factors 
aB  high  ns  4 to  B when  sigma  phase  precipitates  ae 
compared  to  extrapolated  values  for  sigma  free  material. 
It  was  also  shown  in  reference  (12)  that  sigma  formed  at 
1I550F  could  be  solutioned  at  1900  2000 F,  in  2 - 4 hra 

and  that  a 2000  F,  2 hour  heat  treatment  delayed  sigma 
formation.  This  heat  treatment  was  observed  to  delay 
sigma  formation  whether  applied  to  an  as -cast  bar  or 
whether  applied  to  a bar  previously  exposed  to  1650 F, 
containing  sigma.  This  observation  points  to  the  possi- 
bility of  beneficial  effects  of  heat  treatment,  in  contrast  to 
the  normally  U6ed  as-cast  structure.  It  also  points  to  the 
possibility  of  removing  creep  damage  by  re-heat  treat- 
ment ior  this  alloy.  The  question  0-  sigma  phase 
precipitation  has  been  extensively  studied  (Ref.  22  to  24), 
and  effect  on  properties  determined  in  detail. 

The  alloy  in  the  powder  metallurgy  form  has  been 
extensively  studied  (Refs.  (19)(20){33)(34){35)(3G)  both 
in  regard  to  mechanical  properties  of  fabricated  products 
and  especially  in  regard  to  crack  growth. 

High  pressure  hydrogen  reduces  tensile  ductility, 
particularly  at  RT  (see  Tabic  3.03171). 


PHYSICAL  AND  CHEMICAL  PROPERTIES 


2.032 

2.033 


Thermal  Properties 

Melting  range  2303  - 243GF  (3),  p 7. 

PiMtie  changes.  Structure  consists  of  intvagranular  as 
well  as  eutectic  or  primary  Nig(Al,Ti),  Ti(C,  N)  and 
M2H.  also  possibly  perovskitc  carbide  within  Ni3(Al,Ti) 
islands.  On  aging  precipitation  of  perovs kite -like  phase 
(Ni3  (Al,  Tl)C)  occurs  at  1400F,  and  continues  at  lliOOF 
where,  after  about  100  hr,  an  acicular  sigma  phase  also 
begins  to  nucleate  at  grain  and  phase  boundaries. 

The  formation  of  sigma  phase  appears  to  be  promoted  by 
stress  to  1800F.  In  the  absence  of  stress,  solution  of 
Ti(C,N)  nrd  Ni.?  (Al,  Ti)C  and  the  resultant  precipitation 
of  MggCj.  are  the  main  structural  changes  at  1H00F,  (11). 
The  tendency  toward  the  formation  of  sigma  phase  cun 
be  eliminated  by  Keeping  the  electron  vacancy  number 
Nv  below  2.47. 

Effect  of  aging  time  and  temperature  on  minor  phase 
concentration.  Fig.  2,0120. 

Effect  of  exposure  for  5000  hours  at  various  temperatures 
on  minor  phase  concentration,  Fig.  2.0121. 

Transformation  to  sigma  phase  for  as-cast  and  forged  alloy 
for  two  levels  of  electron  vacancy  concentration,  Fig. 
2.0122, 

Time -temperature  relation  tor  the  onset  of  sigma  phase 
precipitation  for  medium  and  high  electron  vacancy 
concentration  iNv)  louipvSitions,  and  in  fine  or  coarse 
grain  size  structure,  Fig.  2.0123. 

Thermal  conductivity.  Fig,  2.013. 

Coefficient  of  thermal  expansion.  Fig.  2. OI  L 
Specific  heat.  Fig.  2.015 
Thermal  diffusivtty. 


2.034 


2.035 


2.0312 

2.03121 


2.031.3 

2.03131 

2.03132 

2.031.33 

2.03134 

2, 03j  35 

2. 031 30 

2.03137 

2.03138 


Other  Physical  Propel  ties 

Density  0.280  lb  per  cu  in,  7.  75  gm  per  cu  cm  (4)  p 2 

Electrical  properties 

143.0  microhm  - ern  at  RT  (•!,  p 2) 

Magnetic  Properties 


Chemical  Properties 

Because  or  the  lower  chromium  content  of  this  alloy 
compared  to  other  high  temperature,  high  strength  nickel 
base  alloys,  oxidation  resistance  is  somewhat  reduced. 
However,  since  it  retains  strength  at  high  temperature. 
Its  intended  use  range  is  above  that  of  many  other  nickel 
base  Alloys.  Thus,  where  ail  r xidizing  or  sulfidizing 
environment  is  present  in  turbojet  applications,  n 
protective  coating  is  usually  applied.  Common  coatings 
are  of  the  aluminum  and  aluminum  base  typoF.  These 
rail  substantially  improve  the  sulfidation  resistance, 
oxidation  resistance  and  thermal  shock  characteristics. 
While  only  limited  data  are  available  at  present,  it 
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appears  that  those  coatings  do  not  reduce  the  creep 
rupture  strength,  rupture  elongation,  or  room  tempera- 
ture iatlguc  strength  of  the  as -cast  alloy.  The  oxidation 
characteristics  in  a liigh  velocity  gas  stream  containing 
oxygen  is  very  complex,  particularly  if  steady  load  and 
thermal  shock  cycles  are  superimpose!).  Depending  on 
temperature,  a weight  gain  or  weight  loss  may  occur 
under  the  same  velocity  conditions,  (see  Figure  2.034). 

An  uncoated  material  may  first  gain  weight  and 
subsequently  lose  weight  in  the  same  test,  due  to  the  fact 
that  heavy  build-up  of  oxide  (weight  gain)  may  be  followed 
by  spalling  (weight  los^l,  as  shown  in  Figure  2.035. 

Coating  may  reduce  oxidation  and  thug  prevent  spalling, 
as  atfj  shown  In  Figure  2.035.  Surface  effects  may  also 
be  important,  Figure  2.030.  At  present  the  process  is 
regarded  as  too  complex  to  he  predictable  from  thermo - 
dynamic  principles.  This  complexity  is  the  result  of  the 
interplay  among  heterogeneous  oxide  growth,  oxide 
interactions, oxide  vaporization,  and  spalling,  especially 
in  the  presence  of  creep  strain  and  cyclic  plastic  strain 
due  to  thermal  shock  (6)  p 3,  Caution  is  advised  against 
extrapolating  behavior  from  one  set  of  conditions  to 
another.  Rather,  it  is  suggested  that  tests  be  conducted 
under  conditions  closely  simulating  operation. 

Summary'  of  main  stages  of  oxidation.  Figure  2.032, 
'typical  plot  of  weight  gain  versus  time  in  static  oxidation 
Figure  2.033. 

Dynamic  oxidation  tests  at  1000  and  1801'F  indicating 
complexity  of  process.  Weight  gain  occurs  at  IBOOK, 
loss  at  2000 1\  Figure  2.031. 

Cyclic  oxidation  behavior  with  and  without  protective 
aluminum  base  diffusion  coating.  Figure  2.035. 

Platinum  Aluminum  coatings. 

Typical  weight  change  pattern  for  coated  alloy  cycled  for 
tme  iiuiii  intervals  at  2ih)0F,  followed  by  cooling  to  RT  in 
3 minutes.  Figure  Shows  data  iui  IT-Al  alloy,  with 
summary  °f  results  for  several  other  alloys,  Fig.  2. 93121 
Corrosion. 

Effect  of  corrosive  environment  on  weight  change  in  bare 
and  coated  condition,  Table  2,03131. 

Relative  corrosion  of  various  super, nil  oyt*  fm  two  fuels 
of  different  sulfu,  content  and  two  saU/air  ratio  contents. 
Fig,  2,03132. 

Correlation  showing  that  low  corrosion  resistance  of 
alloy  is  related  to  its  low  chromium  content,  Fig,  2. 03133, 
Correlation  showing  that  the  low  threshold  temperature 
for  corrosion  is  principally  related  to  its  low  ehromiun 
content,  Fig.  2.03131. 

Corrosion  (as  measured  by  depth  of  attack)  for  alloy  in 
700  FI’S  velocity  gas  jet  using  low  sulfur  fuel  (JIM)  with 
4 ppm  and  8 ppm  sea  salt  in  inlet  air,  Fig.  2.03135. 
Corrosion  (as  measured  by  depth  of  attack)  for  alloy  in 
700  KPS  velocity  gas  jet  using  high  sulfur  fuel  (JP-4R) 
with  4 ppm  and  8 ppm  sea  salt  *n  inlet  air,  Fig.  2.03135. 
Hot  corrosion  resistance  of  tliinwp.il  alloy  with  two 
proprietary  coalings  in  190i>F  cyclic  temperature  test. 
Table  2.0»)37. 

Comparison  of  hot-con osion  behavior  in  a marine  tur- 
bine simulator  with  other  nickel  - and  oobalt-base  alloys, 
Fig.  2.03138. 

Dynamic  oxidation  at  1800F  of  alloy  in  two  conditions  of 
surface  finish.  Rougher  surface  promotes  more  rapid 
oxidation.  Fig.  2.035. 

Slurry  coatings. 

Cyclic  furnace  oxidation  in  2u  hour  cycles  al  2O0OF  of 
1’eAl  1 Fe-Cr-Al  atuiniai/ed  slurry  of  average  compo- 
sition Fe-25Cr-Al,  And  comparison  with  oxidation  of  alloy 
protected  by  cladding  of  Fe-2XT  -4 Al-1  Y,  Fig.  2,1)371. 

Cyclic  furnace  oxidation  in  20  hour  cycles  at  2000 F of 
Nl.M  slurry  coated  alloy  with  comparison  c>  oxidation  oi 
eoir.mercial  conversion  coating.  Fig.  2.0372. 

Oxidation  of  N<A1  aluminized  slurry  coating  in  Mad.  1 jet 
at  21)00  F.  with  comparison  to  eoimuereial  aluminide 
coating.  Fig.  2.11373. 

Metallidcd  coatings. 

High  gas  velocity  oxidation  and  therm;*1  fatigue  cracking  at 
1‘jnuF  of  alloy  coated  by  an  electrolytic  fused  salt  process 
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4 nn.Uil  titled) , ami  mparison  with  uxidaLion  of  hart*  alloy 

and  pack  aluminum  00,110* I alloy.  Fit;. 

High  velocity  oxidation  and  thermal  fatigue  rrackini;  at 
2000  F of  ulloy  coated  by  an  elect  roly  t»v  fusnl  salt  process 
t metal  tided),  and  comparison  with  bare  alloy  and  pack 
aluminum  coated  alley . Kin.  2.03*2. 

Static  oxidation  a I 2000  and  yiUtIK  of  alloy  coaled  by 
eleetrolytie  fused  salt  process  (metalliding),  Fig.  2.0383. 
Comparison  ot  static  oxidation  with  oxidation  in  high 
velocity  jet  (Mach  1)  at  210f»F  for  metallided  coating, 

Fig.  2.0384. 

Claddings 

1! fiect  of  cladding  thickness  on  cyclic  oxidation  of  Fe-2f»Cr- 
4A1-1Y  clad  alloy  at  11*00  ami  2000F,  Fig.  2,03111. 

Kffcci  of  cladding  thickness  on  cyclic  oxidation  of  Ni-20Cr- 
•1A1-1 . 2Si  clad  alloy  at  Ill-ill  and  2U«Ul\  Fig.  2.0302. 

Ilf  feet  of  cladding  thickness  on  cyclic  oxidation  of  Ni-30(h- 
1.4Si  at  11)00  :uid  200  >F,  Fig.  2. 0303. 

Vapor  deposited  coatings. 

Weight  change  and  thermal  fatigue  cracking  tendencies  of 
alloy  with  vapor  deposited  CoCrAlY  coating,  and  compar- 
ison with  performance  of  alloy  coated  by  commercial  pack 
alu mini de  process.  Fig.  2,03101. 

Fmbcdded  alumina  particle  coatings. 

Weight  change  and  thermal  fatigue  cracking  tendencies  of 
alloy  with  KARA  (embedded  alumina-particle  aluminidc) 
subjected  to  1 hour  cycles  at  2000F  in  Mach  1 jet  burner* 
and  comparison  with  performance  of  bare  alloy  and  other 
types  of  coatings.  Fig.  2.03111. 

Nuclear  Properties 


M Kill AN1 CA 1 , PROP  KRT1  KS 

Specified  Mechanical  Properties 
See  1,032  and  1.033. 

Mechanical  Properties  :it  Koom  Temperature 
See  also  3. 03, 

Room  temperature  tensile  properties  of  as  oast  alloy  in 
three  levels  of  electron  vacancy  concentration,  and  at 
two  levels  of  grain  si*/c.  Tabic  3.021, 

Mechanical  properties?  at  room  temperature  of  forged 
alio*  in  three  conditions  of  prononcss  to  sigma  phase 
precipitation,  proportion  shown  ; if lc*v  normal  heat  treat- 
ment and  after  heat  tmitnont  followed  by  exposure  to 
elevated  temperature,  Ta  /lc  3.022, 

Kffect  of  thermal  exposure  subsequent  to  heat  treatment 
on  room  temperature  tensile  properties  for  forged  alloy 
with  three  levels  of  A1  1 Ti  content  (electron  vacancy 
enneeni ration,  f?vr  relating  tn  propensity  toward  sigma 
formation),  Table  3.023. 

Kifeet  of  exposure  at  K>5uF  for  251.)  hour  and  for  2300  hour 
on  mom  tempei  nture  tensilr  properties  of  alloy  with 
Al-Ti  composition  varied  to  achieve  3 levels  of  electron 
vacancy  concentration,  Nv,  Fig,  3.(124. 

Room  temperature  tensile  properties  and  hardness  of 
powder  mebdlurgv  product  prepared  from  powders  of 
various  compositions  and  grain  size  ;uid  consolidated  by 
several  processes.  Table  3.025. 

Tensile  properties  of  superplstslieally  formed  pancake 
forging  use* I in  fatigue  crack  growth  studies.  Table  3.02(5, 
Comparison  of  tensile  properties  of  alloy  with  Ni-20Cr- 
4AI-1 ,2Si  cladding  alley  before  and  after  oxidation. 

1‘ig.  3.«*27. 

Stress  strain  curves.  See  Fig.  3.03111 
I impact 

I'nnotclud  eharpy  impact  strength  at  room  temperature 
afler  hold  f*»r  300  or  loop  limn  s at  elevated  temperature. 
Fig.  3. 0201. 

Mechanical  Properties  at  Various  Temperatures 


I ension 

Stress  strain  curves 

Stress* slrflln  curves  for  as  east  alloy  at  roooin  and 
elevated  temperature* • Fig.  3.03111 
SI ress -pt rain  curves  for  .lotbated  alloy  at  room  ami 
elevated  temperatures,  Fig.  3.H3111. 


Tensile  properties 

Fffeet  *»!  test  temperature  011  mechanical  properties  as 
cited  by  alloy  developer,  l'ig.  3.03121. 

Tensile  properties  oi  <)s  Cast  bar  at  room  and  elevated 
teniperatures.  Fig.  3.03122. 

Tensile  properties  of  loCuatvd  bar  at  room  one’  elevated 
temperatures.  Fig,  3.1)3123, 

Heat  treatment  effects 

Kffect  of  several  solution  beat  treatments  on  the  tensile 
properties  at  13U(»F,  Table  3.03131. 

Coating  and  coaling  repair  effects. 

Tensile  properties  at  room  and  elevated  temperatures  of 
thinwnll  alloy  coated  w ith  two  proprietary  coatings,  L 

Tahle  3.03141. 

Kffect  of  coating,  high  temperature  exposure,  and  several 
repair  processes  nn  tensile  ar.d  yield  strength  at  1S00F 
compart'd  to  as  east  uneoated  base  material,  Fig.  3,03142 
Kffect  of  coaling,  high  temperature  exposure,  and  several 
repair  processes  on  elongation  at  1800F  compared  to  an 
cast  uneoated  base  material.  Fig.  3.03143, 

Powder  metallurgy  product. 

Kffect  of  reduction  practice  and  heal  treatment  on  the 
tensile  properties  at  HT  and  1200F  of  powder  metallurgy 
alloy.  Table  3,  u3l  31 . 

Tensile  properties  of  specimen  f'oin  powder  alloy  pan- 
cake at  ll T and  13**rtF,  with  comparison  tn  Pratt  & 

Whitney  speetfieatinnr.  lor  alloy.  Fig.  3.03132. 

Flow  characteristics  in  the  range  at  low  strain  rates  ami 
temperatures  where  supevplastieity  ean  be  achieved. 

Fig.  3, 0315a. 

Relation  between  stress  ;uid  high  deformation  rate  :u  1900 
ti.  21  OOF  for  alloy  directly  extruded  from  powder.  Fig. 
3.03131. 

High  3 train  rale  effect  on  elongation  at  fracture  at  1900 
to  21'1«f  for  alloy  directly  extruded  fv<>n\  powder,  Fig. 

Siipcrplastirily  exhibited by  powder  metallurgy  alloy, 

Fig.  3.031515. 

High  pressure  gas  elfrcts. 

Tensile  properties  at  HT  and  12501-'  in  5000  psig  helium 
and  hydrogen.  Table  3.03171. 

Compression 

I’ffect  of  test  temperature  on  compression  yield  strength 
for  air  melted  and  east  alloy  and  for  vacuum  melted  and 
cast  alloy,  Fig.  3.0321. 

Impact 

Kffect  of  temperature  on Charpy  V impact  energy.  Fig. 

3.  0331. 

Rending 

Torsion  anil  shear 
Rearing 

stress  concent ral ion.  (s«e  also  3.05) 

Notch  properties 
Fracture  toughness 
Combined  properties 

Creep  and  ereep  rupture  properties,  tse«’  also  3.054) 

Creep  curves  at  various  temperatures. 

Creep  curves  of  as  east  alloy  at  15G2F,  Fig.  3.  0-Jll, 

Creep  curves  for  JoC bated  alloy  at  ir»C,2F,  Fig.  3.0412. 
Creep  curves  of  as  east  alloy  at  lUDTF,  Fig.  3.  0413. 

Creep  eurves  for  .loCoated  alloy  at  1(*97F,  Fig.  3.0114. 
Creep  eurves  of  as  cast  alloy  at  1S32F,  Fig.  3.  0415. 

Creep  curves  for  •lot’natod  alloy  at  1H32F,  Fig.  3, li-llli. 
Alloy  deve'.oper's  suggested  design  eurves  for  creep  strain 
ami  ereep  rupture  a 1 i3.*UF,  Fig.  3.  *>il7. 

Alloy  developer's  suggested  design  ruives  for  creep 
strain  and  creep  rupture  at  l.lOfiF,  Fig.  3,9113. 

Alloy  dev  eh 'inn’s  suggested  design  curves  for-  creep 
strain  and  creep  rupture  at  170OF,  Fig.  3.0419. 

Alloy  developer’s  suggested  design  curves  for  ereep 
strain  and  creep  rupture  at  JsnoK,  Fig.  3.94110. 

Alloy  developer's  suggested  design  curves  for  creep 
strain  and  creep  rupture  al  191)01- . Fig.  3.0411  1. 

Minimum  reep  rate  curve  - \*»r  temperatures  from  1350 
to  1900F.  Fig.  3.041 12. 

Creep  of  superplastieaRy  formed  prodnet. 

Creep  and  • reel*  rupture  properties  of  superplastically 
formed  pancake  forging  used  in  fatigue  c rack  growtli 
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studies,  Table  3.0421. 

Relation  of  creep  to  creep  rupture, 

Ke):illo>i  among  start  of  third  stage  creep,  time  to  1% 
creep.  and  rupture  time  for  a*  east  alloy.  Fig.  3.0431. 
Relation  among  time  of  third  stage  creep,  time  to  1% 
creep,  and  rupture  time  for  Jo  Coated  alloy,  Fig.  3.0432. 
Effects  of  repair  coatings  on  creep  and  creep  rupture. 
Creep  and  rupture  properties  of  alloy  after  repair  of 
oxidation  aiul  mechanical  damage  effects,  Fig.  3,0441. 
Creep  rupture,  general. 

’typical  creep  rupture  properties  ta  life  range  from  10  to 
10,000  hours  at  temperatures  ironi  1300  to  2000F, 

Fig.  3.0151. 

Creep  rupture  curves  for  us  oast  alloy  at  15621* , 1B97F, 
and  1832  Ft  Fig.  3,0452. 

Creep  rupture  data  for  as  cast  alloy  as  determined  by 
developer,  Fig.  3.0-153. 

Creep  rupture,  heat  treatment  effects. 

Effect  of  several  solution  heat  treatments  on  the  creep- 
rupture  life  at  1800F,  20  ksi,  Tabic  3.0461. 

Creep  rupture,  coating  effects. 

Kffoet  of  coating  on  creep  rupture  properties  at  stresses 
and  temperatures  yielding  creep  rupture  lives  in  the 
range  of  5t>  to  200  hours,  Table  3,0471  . 

Creep  rupture  curves  for  JoCoated  alloy  at  1562F,  1607 F 
ami  1832 F,  Fig.  3.0472. 

Correlation  between  ductility  and  rupture  time  at  15G2F, 

1 697 F,  and  1832F  tor  JoCoated  alloy,  Fig.  3.0473. 

Creep  rupture  lives  and  elongations  at  1450F  and  180 OF 
for  thinwull  alloy  coated  with  two  proprietary  coatings, 
Table  3.  0474 . 

Creep  rupture,  sigma  phas  e instability  effects 
Benefirt.il  effects  on  creep  rupture  behavior  achieved  by 
avoiding  sigma  phase  precipitation.  Table  3.0481, 

Creep  rupture  properties  of  forged  alloy  in  three  con- 
ditions of  pvonencRs  to  sigma  phase  precipitation, 

Table  3.0482. 

Creep  rupture  curves  for  fine  grain  alloy  of  composition 
Sufficiently  low  in  A1  and  Ti  to  avoid  sigma  precipitation, 
Fig.  3. 0-1 83. 

Creep  rupture  curves  at  10ksi  for  alloy  in  three  levels  of 
electron  vacancy  concentration  achieved  by  additions  of 
Al-Ti  to  a single  heal,  tested  in  as  cast  condition  or  after 
exposure  nt  155C1K  for  250  and  2500  hours.  Fig.  3.0484, 
Creep  rupture  curves  for  fine  grain  alloys  of  low,  medium 
and  high  electron  vacancy  concentration  (Nv),  represent- 
ing progressively  increasing  tendency  toward  sigma  phase 
precipitation.  Curves  show  that  strong  tendency  for 
■sigma  j,”ecipitation  results  in  reduction  of  creep  rupture 
strengths,  Fig.  3.nl»5. 

Creep  rupture,  powder  metallurgy  product. 

Creep  rupture  properties  in  very  short  time  range  at  1900 
to  21»ip F *«.r  traded  alloy  prepared  from  two  lots  of 
powder,  Fig.  3,0401. 

Creep  rupture  curves  at  lRtioF  for  cast  alloy  of  various 
grain  sizes  and  for  alloy  extruded  from  powders, 

Fig.  3.0*192. 

Creep  rupture  in  special  environments. 

Creep  rupture  of  alloy  in  helium,  hydrogen,  and  hydrogen/ 
water  vapor  at  1250F  and  5000  ps:g  pressure, 

Fig.  3,01101. 

Fatigue  properties 
Meehank'iillv  induced  fatigue 

Kffecl  of  aluminum  base  coating  on  rotating  bending 
fatigue  properties  at  room  temperature,  Table  3.0511, 

I.ow  cycle  fatigue  characteristics  of  smooth  hollow 
specimen  with  one-  inch  gage  length  of  uniform  cross 
section  at  temperatures  from  liWO  to  2000 K in  strain- 
eonimlk’d  cycling.  Fig.  3.0512. 

Low  cycle  fatigue  eha  rue  ter  is  ties  at  1700/  of  hollow- 
specimen  with  two  sets  of  diagonal  holes.  Fig.  3.0513. 
fh rain  range  partitioning  life  relationships. for  cast  alloy 
at  17t»0 K,  Fig.  3,b514 

Axial  Fatigue  at  1 651)1*’  of  simulated  hollow  airfoils  coated 
with  proprietary  coatings.  Fig.  3.0515. 

Thermally  induced  fatigue 

Thermal  shock  fatigue  characteristics  of  airfoil  shape 
with  and  without  aluminum  base  mating,  T.ihle  3.0521. 
Thermal  fatigue  resistance  of  square  plate  rapidly  heated 
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3.0525 

3.0526 


3. 0527 

3.0528 

3.0529 

3.053 

3.0531 

3.0532 

3.0533 

3.0534 

3.054 

3.0541 

3.0542 

3.0543 

3.0544 

3.0545 
3.0540 

3.0547 

3.0548 

3.0549 

3.055 

3.0551 

3 . 0552 

3.0553 

3,  056 
3,  0561 

3.0562 


and  cooled  at  periphery'  of  central  hole,  and  comparison 
with  Thermal  fatigue  resistance  of  other  commonly  used 
cast  alloys.  Fig.  3.  Or, 22. 

Thermal  Jaiiguc  crack  initiation  of  as  cast  or  direction- 
ally solidified  alloy  with  and  without  JoCoat  tested  in 
alternate  fluidized  beds  at  1 900  and  GOOF,  Fig.  3.0523. 
Thermal  fatigue  crack  initiation  of  as  cast  or  direction- 
ally solidified  alloy  With  ;iml  without  JoCoat  tested  in 
alternate  fluidized  hods  at  two  sets  of  temperatures, 

Fig.  3.052*1. 

Effect  of  cycle  time  on  thermal  fatigue  cracking  of  coated 
and  unrelated  wedges  altemuTly  immersed  in  fluidized 
beds  at  GOO  and  1990]',  Fig.  3.0525. 

Effect  of  maximum  cycle  temperature  mi  thermal  fatigue 
cracking  of  coated  and  lincoateri  airfoils  simulating  tur- 
bine blades  subjected  to  Mach  1 gas  flow  followed  by 
rapid  air  jet  cooling,  Fig.  3.rt,*i23. 

Relation  between  crack  growth  rate  and  resistance  to 
initial  cracking  in  thermal  cycling,  Fig.  3.0527. 

Thermal  fatigue  of  thinwa'l  alloy  with  two  proprietary 
coatings  subjected  to  )0.  5 ksi  tensile  mean  stress  and  to 
temperature  cycling  from  2050 K,  Table  3. 0528. 
Correlation  of  time  to  initiate  thermal  cracking  with 
weight  gain  slope  parameter  for  alloy  coated  in  various 
ways,  I-'ig.  3.0529. 

Mechanical  loading  of  powder  metallurgy  product. 

Stress  rang*'  variation  during  low  cycle  fatigue  tests  at 
1200F  of  powder  metallurgy  bars  prepared  by  Pratt  & 
Whitney  Aircraft  Gatorizin^  vprocess.  Fig.  3.0531 
Low  cycle  fatigue  a1  1 2(1(1  F oi  powder  metallurgy  bars 
prepared  by  Pratt  and  Whitney  GatorlzingiMpiouCss,  Data 
points  represent  cycles  to  complete  fracture.  Fig.  3.0532 
T.ow  cycle  fatigue  at  1200F  of  powder  metallurgy  bars 
prepared  by  Pratt  and  Whitney  Aircraft  Catorizlng1M 
process.  Data  points  represent  cycles  to  5 percent  'oad 
liiujj.  Fig.  3.003G. 

Low  cycle  fatigue  at  l 200 F of  specimen  from  powder 
metallurgy  compressor  disk.  Fig.  3.0534. 

Crack  growth  in  steady  loading  or  continuous  cycling. 
Basie  crack  growth  curves  at  RT,  1296 F and  1350F  for 
constant  amplitude  loading  of  WOL  specimen, 

Fig.  3.0541. 

Effect  of  not  section  stress  on  crack  growth  rate  at 
2 2(10 F,  Fig.  3.0542. 

Effort  of  temperature  :ind  specimen  thickness  on 
sustained  load  crack  propagation  rate.  Fig.  3.0513. 

Kifcet  of  specimen  thickness  on  crack  growth  rale  at  RT, 
Fig.  3.0544 

Effect  of  frequency  on  crack  growth  rate  in  continuous 
cycling  at  12nni*.  Fig.  3.0545, 

Effect  of  temperature  on  crack  growth  rate  at  lOepm, 

It  --  0.1.  Fig.  3. 05-J G. 

Effect  of  ?trcc.c  ratio  on  crae!*.  growth  rate  at  1?00F, 
lbnpm,  Fig.  3.05-17. 

Effect  of  stress  ratio  on  creek  growth  rate  at  1200F, 
20cps,  Fig.  3.0  5-18. 

Effect  ol  specimen  thickness  on  crack  growth  rate  at 
J200F,  continuous  cycling  at  lOepm,  Fig.  3.0549, 

Crack  growth-nverk»ud  effects. 

Crack  growth  at  120UF  under  continuous  cycling  and  with 
50  percent  overload  eve  O'  5,  29,  or  40  cycles, 

Fig.  3.0551. 

Crack  growth  at  1200F  under  continuous  cycling  and  with 
25  percent  or  50  percent  overloads  every  21  cycles , 

Fig.  3.0552. 

Crack  growth  at  J200F  under  sustained  load  and  with 
25  percent  or  50  percent  overloads  every  2 minutes. 

Fig.  3.0553. 

Crack  growth -dwell  periods. 

KFfeel  of  net  section  stress  on  crack  growth  rate  for  2 
minute  dwell  at  peak  stress  i*t  12<m>F,  Fig.  3.O501. 

Effect  of  specimen  thickness  on  crack  growth  rate  at 
120IM- , Two  minute  dwell  at  max  load,  lOepm  during 
vai  table  stress  period,  I-ig.  3.U.5G2. 

Effect  of  dwell  time  at  peak  stress  on  crack  growth  rate 
at  12UOF,  U n.  J,  Fig.  3.0563. 

Crack  growth  at  1 350 F under  continuous  cycling,  m with 
25  and  5n  percciit  overload,  or  with  2 minute  dwell  at  the 
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50  pert' out  overload  condition , Fig.  3.05(14. 

Interaction  of  low  i .'i  tc  fatigue  with  dwell  periods  at  max 
load  fin  lusts  al  12*ilK,  R 0.1.  Fig.  3.05(15. 
lilt u rac lion  oi  low  ej  *lo  fatigue  with  dwell  periods  at  max 
load  for  lusts  :M  13 It  0.1.  Fig.  S.  Ofilili. 

(Yack  nmwlli-di'lny  efieels  duv  t«  overloads. 

Delay  cycles  prii*r  lo  resumption  of  basic  crack  growth 
after  single  cycle  of  overload,  Baseline  Kmax  - 

23. 2 ksi  /in,  Fig.  5,0571. 

I)e'ay  cycles  prior  lo  resumption  of  basic  crack  gre  vih 
alter  single  cycle  of  overload.  Baseline  K max 

35.2  ksi  -/in,  Fig.  3.»572. 

P.cl'um  and  hydrogen  effects  at  high  pressure. 

Low  cycle  fatigue  at  12501*’  in  high  pressure  hydrogen 
and  helium.  Fig.  3.0581. 

liil'h  cycle  axial  fatigue  in  high  pressure  hydrogen  and 
hel  it: m at  1 L’ 50  V , Fig . 3.  U5K2 . 

Inelastic  slrtti ' range  vs.  low-cycle  fatigue  life  for  each 
portioned  sirs:  i range  component  for  as-cast  thinwall 
tubing  at  1700 1;  Fig.  3.05141. 

.Strain range  paiiioning  life  relationships  at  1G52F  ana 
ltj32F  for  as-cast  aluminum -coated  all  jy,  Fig.  3.05142. 
Inelastic  strainrange  vs.  low-cycle  fatigue  life  for  each 
partitioned  strainrange  component  at  1400F.  Specimens 
from  croup-formed  (CSaloriznd  , m ) turbine  disk,  l*1g.  3.05143. 
Total  strain  range  vs.  low-cycle  fatigue  life  at  1200F  of 
powder  metallurgy  bars  prepared  by  Pratt  & Wliitney 
Oalori/.Lng  .M  process  and  tested  under  rapid  strain 
cycling,  tensile  stress -hold,  and  tensile  strain-hold, 

Fig.  3.05144. 

Inelastic  strainrange  vs.  low  cycle  fatigue  life  at  1200F 

of  3>owder  metallurgy  bars  prepared  by  Pratt  and  Whitney 

Ciatoi’ir.ing  , process  ai«l  tested  under  rapid  strain  cycling, 

tensile  stress-hold,  and  tensile  strain-hold,  Flu.  3.05145. 

Fins  tie  properties 

Poisson's  ratio,  0.298 

Dynamic  modulus  of  elasticity,  Fig,  3.0(12. 

Modi.'"s  of  rigidity 


4.0  FABRICATION 


4.  1 Strength  of  shaped  parts 

-»,ll  Mechanical  properties  from  HT  to  13*»0F  of  specimens 

from  the  10-12th  stage  compressor  of  F100/F401  engine, 
Fig.  4,11. 

4.12  Room  temperature  tensile  strength  of  fir  ire**  simulating 
til,  liine  blade  attachment.  Table  1 . 12. 

4. 13  Creep  rupture  at  Mil'll'  of  fir  tree  simulating  turbine 
Made  attachment,  Fig.  1.13. 

4.11  Fatigue  at  RT  under  combined  static  and  vibratory'  sin 

of  U'-bin;-  blade  fir  tree  fastening,  Table  l.i-1. 

4.2  Welding  .ind  joining 

4.21  Weldments 

4.211  Room  temperature  tensile  strength  of  weldment  to 

Waspaloy,  Table  1.21i, 

4.212  Creep  rupture  at  1 R/«iF  of  electron  beam  weldment  to 
Waspalcv.  Table  4.212. 

4.213  Fatigue  al  RT  under  comtjined  static  and  vibratory  stress 
of  electron  beam  weldmenl  to  Waispalov,  -,’nble  1.213. 

4.22  Braaecl  joints 

1.221  Room  teuipi-ralurt-  tensil'-  strength  ol  brazed  itUichinent 

t>>  Waspalur,  ‘t’able  1,221, 

1. 222  Fatigue  at  RT  under  eom! lined  static  and  vibratory  stress 
of  brazed  join*  simulating  turbine  blade  fastening  to 
Waspalov,  Table  1.222. 

4.23  Tl.P  limniing 

4 . 231  Tensile  properties  at  14«f»F  tor  Tl.P  bond  lietveen  east 

alloy  and  wrought  t dlinet  70H.  Table  4.231. 
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Condition 

As 

Carst 

Original  Inco 

New  Inco 

GE  Rene’  100 

Source 

Spec.  (1960- 
1965)  also 

GE  spec  CS0T 
77A 

spec. 

also 

AMS5397 

spec 

C50T77C 

Percent 

Percent 

Percent 

Min 

Max 

Min 

Max 

Min 

Max 

Cobalt 

13 

17 

13 

17 

14 

16 

Chromium 

8 

11 

8 

11 

9 

10 

Aluminum 

5 

6 

5 

6 

5.3 

5.7 

Titanium 

4.5 

5.5 

4.5 

S.O 

4,0 

4.4 

Aluminum  + Titanium 

- 

- 

10 

11 

- 

- 

Molybdenum 

2 

4 

2 

4 

2.7 

3.3 

Iron 

0 

1 

0 

1 

1 

1 

Vanadium 

.7 

1.2 

.7 

1.2 

.9 

1.1 

Boron 

.01 

.02 

.01 

.02 

.01 

.02 

Carbon 

.15 

.20 

.15 

.20 

.15 

.20 

Manganese 

- 

- 

- 

.10 

- 

- 

Sulfur 

- 

- 

- 

.015 

- 

- 

Silicon 

- 

- 

- 

.15 

- 

- 

Nickel 

Balance 

Balance 

i 

Balance 
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FIG . 1.003  EFFECT  OF  TEST  TEMPEItATUHK  C .v  BRINE LL 

HARDNESS,  AS  DETERMINED  BY  MUTUAL  INDEN- 
TATION, FOR  AIR  MELTED  AND  CAST  ALLOY  AND 
FOR  VACUUM  MELTED  AND  CAST  ALLOY 

(32,  FIGS.  1,2) 


FIG.  1.062  EFFECT  OF  TEMPERATURE  ON  HARDNESS 

(4,  p.  11) 
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A :* 


HOOF  ir»00F  1COOF  3 700F  IWJOK  1900F  2000F  ZIOOF  22‘iny 

U61IK  72HR  481  III  3GHR  24HR  10  HR  8HH  6HK  2IIII 

AGING  TIME  AND  TEMPERATURE 

FIG.  2,  0120  EFFECT  UF  AGING  TIME  AND  TEMPERATURE  ON  MINOR  PHASE  CONCF-NTRATION 

(2,  PIC.  1) 


1400  100(1  lrj«n  2000 

EXPOSURE  TEMP  - ¥ 


FIG.  2.0121  EFFECT  OF  EXPOSURE  FOlt  GOOD  IIU  AT 
VARIOUS  TEMPERATURES  ON  MINOR 
PHASE  CONCENTRATION  (21, up.  H2,84) 


IN -100 
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NONFERROUS  ALLOYS 
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Ni 

15 

Co 

10 

Cr 

5.5 

Al 

4.7 

Ti 

3 

Mo 

0.95  V 

IN- 

■100 

p. 


Nt-lGCo~10Cr-G.  GA1-4.  75T1-3MO-0. 95V  (NOMINAL) 
ACTUALJCOMPOSITION  FOB  2 LEVELS  OF  Nv 

MED  Nv  (2.49):Ni-13.3Co-10.14Cr-E.5Al-4.29T.- 

3.  GGMo-0.  96V 

HIGH  Nv  (2.G5):Ni-13.3Co-10.12Cr-5.6Al-4.69Tt- 
3.51MO-0.97V 

ALL  ALLOYS  MADE  FROM  SAME  MASTER  HEAT. 
ADDITIONS  OF  A1  AND  T1  MADE  DURING  CASTING 
TO  ACHIEVE  DESIRED  LEVEL_OF  ELECTRON 
VACANCY  CONCENTRATION  (Nv) 

TESTED  AS  CAST  OR  FORGED  TO  PANCAKE  IN 
FOLLOWING  STEPS: 

1.  EXTRUSION  AT  2050F  FROM  5 IN  DLA  INGOT 
TO  3 1/8  IN  STEEL  PIPE 

2.  FLATTENED  AT  2050F  TO  1 3/4  IN  DLA  PAN- 
CAKE 

3.  FLATTENED  AT  20G0F  TO  1 IN  DIA  PANCAKE 

4.  FLATTENED  AT  20S0F  TO  5/8  IN  DIA  PAN- 
CAKE 

TEST  SPECIMEN  1/4  IN  DIA  BAR  x 1 1/4  IN  GAGE 
LENGTH  EXPOSED  WITHOUT  STRESS  FOR  TIMES 
AND  TEMP  SHOWN 


AS  CAST,  FINE  GRAIN  FORGED 


^n2  1^.3  iq4 


EXPOSURE  TIME  - HR 


FIG.  2.0122  TRANSFORMATION  TO  SIGMA  PHASE  FOR  AS 
CAST  AND  l'OHGED  ALLOY  FOR  TWO  LEVELS 
OF  KLECTIION  VACANCY  CONCENTRATION 

(22,  pp,  14, 19, 23) 


Nl-l5Co-10Cr-5. 5A1-4. 7Tl-3Mu-0. 3GV  (NOMINAL) 
ACT  U A I,  COMPOSITION  FOR  TWO  LEVELS 
OF  Nv 

MEDIUM  Nv(2.4!l):  Ni-13.3Co-10.14Cr- 

5.  GA1-4.2DT1-3.  GGMo-O.  ‘JGV 
HIGH  Nv(2,fIG):  Ni  13.3Co-10.12Cr-5.6Al- 
4,  G‘JTl-3. 51Mo-0. 97  V 
ALL  ALLOYS  MADE  FROM  SAME  MASTER 
HEAT.  ADDITIONS  OF  Al&Ti  MADE  DURING 
CASTING  TO  ACHIEVE  DESIRED  LEVEL  OF 
ELECTRON  VACANCY  CONCENTRATION  Nv 
COARSE  GRAIN  ALLOYS  PREPARED  HY 
NORMAL  INVESTMENT  CASTING  PROCE- 
DURES: FINE  GRAIN  ALLOYS  PREPARED 
BY  MOLD  INNOCULATION 
TEST  SPECIMEN  1/4  IN  DIA  X 1 1/4  IN 
CAGE  LENGTH 

EXPOSED  WITHOUT  STRESS  FOR  TIMES 
AND  TEMPERATURES  INDICATED 


20  100  1000  10,000 

TIME  - 1IR 


FIG.  2.0123  TIME-TEMPERATURE  REIATION  FOP.  THE 
ONSET  OF  SIGMA  PHASE  PRECIPITATION 
FOR  MEDIUM  AMD  HIGH  ELECTRON  VACANCY 
(Nv)  COMPOSITIONS,  AND  IN  FINE  AND  COARSE 
GRAIN  SIZE  STRUCTURE.  (23, pp.  3,7,8) 
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FIG.  2.013  THERMAL  CONDUCTIVITY  (Up. 1 :1G) 
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3 

Mo 
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V 
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H 0.1 


0,01 


Ni-1  r>Co-10Cr-r».  5A1-4. 7 
AS  CAST 

5TI-3MO-0.  05 

V 

2100F 

rtx-tisCsts 

iS 

A 

2000  F ri 
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y 

^*  1400F 

OXID 

ATION 

102  10^ 
TIME  - MIN 


104 


FIG.  2.033  TYPICAL  PLOT  OF  WEIGHT  GAIN  VS  TIME  IN  STATIC 
OXIDATION  (6.  p.  3b) 


V1G.  2.033  CYCLIC  OXIDATION  BEHAVIOR  WITH  AND  WITH- 
OUT PROTECTIVE  ALU  MIN  UN  BASE  DIFFUSION 
COATING  (7,  pjj.  33)  <«)<«») 


DYNAMIC  OXIDATION  TESTS  AT  1BU0F  AND 
1800F  INDICA'HNG  COMPLEXITY  OF  PROCESS 
WEIGHT  GAIN  OCCURS  AT  1G00F,  I JOSS  AT 
2000  F (fi,  pp,131,  132) 


WEIGHT  CHANGE  - Mo  PER  CM' 


REVISED;  DECEMBER  1978 


NON  FERROUS  ALLOYS 


NiCo 


Ni-l&Co  IOCr- 
AS  CAS5T 


5A1-4. 75TI-3MO-0. 95V 


HIGH  VELOCITY  NATURAL  GAS  COMBUSTION 
PRODUCTS  AT  180DF 


GHIT  BLASTED 
(55A  + 10  RMS) 


Ni 

15 

Co 

10 

Cr 

5.5 

Al 

4.7 

Ti 

3 

Mo 

0.95  V 

IN- 

100 

FINE  GROUND 
<f></  h 2 RMS) 


0 100  200  300  400 

TIME  - HR 

FIG.  2.030  DYNAMIC  OXIDATION  AT  1800F  OF  ALLOY 
IN  TWO  CONDITIONS  OF  SURFACE  FINISH. 
ROUGHER  SURFACE  PROMOTES  MORE 
RAPID  OXIDATION  (G.  P.  102) 


Ni-lGCo-10Cr-5. 5AI-4. 7Ti-3Mo-0. 95V 
0.1  x 1 x 2 CASTINGS 

i?e-25Cr-20Al-  COATING  APPLIED  IN  TWO 
STAGES: 

a)  Fe-Cr-  SLURRY  SPRAYED  ONTO  SURFACE, 
COLD  ECSTATICALLY  PRESSED  AT  70KSI 
PRESSURE, AND  SINTERED  AT  llT2  TOUR, 
2000  K,  4 HR 

h)  SURFACE  THEN  PACK  ALUMINIZED  IN 
FLOWING  ARGON(.  018  FT3  PER  MIN)  AT 
2000 F IN  PACK  OF  !M  PERCENT  Al20;, 

<-10O  MESH  POWDER),  1 PERCENT  Al 
(-100  MESH  POWDER).  ANI>  1 PERCENT 
NaCJ  ACTIVATOR  FOR  9 Hit.  IN  THIS  WAY 
10  Mg/cm2  WAS  DEPOSITED  TO  PRODUCE 
A KoAl  -t  Fc-Cr-Al  COATING  OF  AVERAGE 
COMPOSITION  Fr-2fiCr- 20  Al,  AVERAGE 
COATING  THICKNESS  3 MILS 
TESTED  IN  STATIC  FURNACE  AT  2000  F FOR 
15  CYCLES  OF  20  I IRS.  AIRFLOW  THROUGH 
FURNACE  .018  FT3  PER  MIN,  INSPECTED 
AND  WEIGHED  AFTER  EACH  CYCLE 
Fc-2GC r-4AI-i Y CLADDING  FOR  REFERENCE 
SEE  AISO  FIG.  2.0301 

TESTED  AT  1 : 


' 25Ci’-4Al-lY  CLAD 


Cr Al  ALUMINIZED  SLURRY 
OCX _ 1 COATING 


Nl-lUCo-10Cr-5. 5A1-4. 7Tl-3Mo  -0.  95V 

0. 1 x 1 x 2 CASTINGS 

NiAi  SLURRY  COATED  IN  TWO  STAGES: 

(a)  Ni  POWDER  SPRAYED.  ONTO 
SURFACE,  COLD  ECSTATICALLY 
PRESSED  AT  70  KSI  PRESSURE, 

AND  SINTERED  AT  10"2  TOUR, 

2000 F,  4 HR 

(b)  SURFACE  WAS  THEN  PACK  ALU- 
MINIZED IN  FLOWING  ARGON 
(.018  FT3  PER  MIN)  AT  200UF  IN 
PACK  OF  98  PERCENT  Al203(-100 
MESII  POWDER),  1 PERCENT  A1 
(-100  MESH  POWDER),  AND  1 PER- 
CENT NaCl  ACTIVATOR  FOR  18  HR. 
IN  THIS  MANNER  13  mg/em*  Al  WAS 
DEPOSITED  TO  CONVERT  THE  Ni 
TO  NIAL 

TESTED  IN  STATIC  FURNACE  AT  2000F 
FOR  15  CYCLES  OF  20  IIR.AIRFLOW 
THROUGH  FURNACE  .019  ft2  PER  MIN. 
INSPECTED  AND  WEIGHED  AFTER  EACH 
CYCLE 

COMMERCIAL  COATING  IS  WIDELY  USED 
ALUMINIZED  CONVERSION  PROPRIETARY 
COATING 

COATING  THICKNESS  OF  NtAl  1.6  MILS  * 
DIFFUSION  ZONE  OF  1.6  MI  IS 


TESTED  v 1 — 

AT  2000 F COMMERCIAL  ALUMINIDE 


a I N)A1  SLURRY  COATING  \ 

? U 100  200  300 

EXPOSURE  TIME  - HR 

FIG.  2.0372  CYCLIC  FI  KNACK  OXIDATION  IN  20  IIU 

CYCLES  AT  2000 F OF  NiAl  SLURRY  COATED 
ALLOY  WITH  COMPARISON  TO  OXIDATION 
OF  COMMERCIAL  CONVERSION  COATING 

(41,  pp.  3: 4, 14) 


A I iFc 

I 


j 1(10  200  300 

FXl'USURE  TIME  - IIU 

2.';:r:i  cycuc  fdhnace  oxidation  in  20  1111 

OYCI.ES  at  200(1  FOE  FcAHFc  Ci-Al 
AI.TJMINF/.EI)  Sl.UlIHY  IJF  AVERAGE 
COMPOSITION  Fc-ZSCr-Al,  AND  COMl’AH- 
IKON  WITH  OXIDATION  OK  Al.ljOY  I’HO 
TECTEI)  I1Y  CLADDING  OF  Fi-25Cr  1AI  1Y 
(41,  iif.  3, 4,1H) 
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NL-10Co-10Cr-5.  5A1-4. 7Ti-3Mo-0«95V 
SIMULATED  AIRFOIL  SPECIMEN,  SEE  FIG.  2.03111 
COATED  WITH  NiAl  SLURRY  COATING  APPLIED  IN 
TWO  STACKS: 

a)  Ni  POWDER  SPRAYED  ONTO  SURFACE,  COLD 
ECSTATICALLY  PRESSED  AT  70  KSI  PRESSURE 
AND  SINTERED  AT  10"2  TORR,  2000  F,  4 HR 

b)  SURFACE  THEN  PACK  ALUMINIZED  IN  FLOW- 
ING ARGON  (.018  FT3  PER  MIN)  AT  2000F  IN 
PACK  OF  08  PERCENT  AI2O3HOO  MESH  POW- 
DER),! PERCENT  A1  (-100  MESH  POWDER), 

AND  1 PERCENT  NaCl  ACTIVATOR  FOR  18  HR. 
IN  TIUS  MANNER  13  Mg  PER  Cm2  Al  WAS 
DEPOSITED  TO  CONVERT  Nl  TO  Ni  Al.  AVER- 
AGE COATING  THICKNESS  1.6  MILS  + DIF- 
FUSION ZONE  OF  1.6  MIIS 

TESTED  1'A  HIGH  VELOCITY  (MACH  I)  JET  AT  2000  F 
IN  CYCLES  OF  1 HR  AT  TEMP  + 3 MIN  COOLING 
IN  AIR  JET.  SEE  FIG  2.03111  FOR  DETAILS 

COMMERCIAL  COATING  SHOWN  FOR  COMPARISON 
IS  WIDELY  USED  PROPRIETARY  A LliMINIZED 
CONVERSION  COATING 


COMMERCIAL  ALUMINIDE  COATING 


1 HR  CYCLES  HEAT  1 IT! 

MACH  1,  2000  F COOL  3 MIN 

- — ■ - - _ ■ 


100  200  300 

EXPOSURE  TIME  - HR 


FIG.  2.0373  OXIDATION  OF  NiAl  SLURRY  COATING 
IN  MACH  1 JET  AT  2000F  WITH  COM- 
PARISON TO  COMMERCIAL  ALUMINIDE 
COATING  (41,  pp.  3,4,20) 


Ni-  lSCo-  IOC  r - f> . 0A1  -4 . 7Ti-  3 Mo-U  „ J)5V 
AS  CAST  WEDGE  SPECIMEN  AS  SHOWN  IN  HO. 
2.03111  RARE  OR  COATED  RY  ELECTROLYTIC 
FUSED  SALT(EFSP)  PROCESS  WHICH  META  1,1. IDES 
ALUMINUM  DIRECTLY  INTO  SURFACE,  PRO- 
DUCING AN  ALUMINUM-RICH  NiAl  LAYER,  OR 
COATED  BY  COMMERCIAL  ALUMINIDE  COATING. 

TESTED  IN  MACH  1 JET  AT  19O0F  USING  CYCLE 
OF  1 HR  FOLLOWED  BY  AIR  COOLING  TO  HT  IN 
3 MINUTES 

SEE  FIG.  2. 03111  FOR  SKETCH  OF  SPECIMEN 
*NP  TEST  DETAILS 


FUSED  SALT 

ALT  MIN1DE  COATING 


NO  CRACK  AT 
END  OF  TEST 


NO  CllACK  ON  PACK  Al  COAT 
PACK 

| ALUMINIDE 
COATING 


A']'  END  OF  TEST 

I 

1900  F 


\ \ BARE  ALLOY 

I 


1C«>  240  320 

EXPOSURE  TIME  ■ 


400 

im 


FIG.  2.0381  HIGH  GAS  VELOCITY  OXIDATION  AND  THERMAL 
FATIGUE  CRACKING  AT  1 HOOF  OF  ALLOY  COATED 
BY  AN  ELECTROLYTIC  FUSED  SALT  PROCESS 
(METALIJDED),  AND  COMPARISON  WITH  OXIDATION 
OF  BARE  ALLOY  AND  PACK  ALUMINUM  COATED 
ALIiOY.  (43,  pp, 2,3,20) 
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40 


Nl-15Co-10Cr-5,  5A1-4.7T1  3MO-0.95V 
AS  CAST  WEDGE  SPECIMEN  AS  SHOWN  IN  FIG. 
2.03111  BARE,  COATED  BY  COMMERCIAL 
ALUMIN1DE  COATING,  OH  COATED  ELECTRO- 
LYTIC FUSED  SALT  PROCESS(EFSP)  WHICH 
METALLID2S  ALUMINUM  DIRECTLY  INTO 
SURFACE  PRODUCING  AN  ALUMINUM-RICH 
NiAL  LAYER 

TESTED  IN  MACH  1 JET  AT  2000F  USING 
CYCLE  OF  ONE  HOUR  FOLLOWED  BY  AIR 
COOIING  TO  RT  IN  3 MINUTES 

SEE  FIG.  2.03111  FOR  SKETCH  OF  SPECIMEN 
AND  TEST  DETAILS 


FUSED  SA  LT 
ALUMINIDK  COATING  | 
^ I I 

- POINT  OF  THERMAL  ' 
fatigue  CRACK 
\|  BARE  ■ ! 


80  1G0  240  320 

EXPOSURE  TIME  - HR 


b’JG.  2.0382  HIGH  VELOCITY  OXIDATION  AND  THERMAL 
FATIGUE  CRACKING  AT  2000F  OF  ALLOY 
COATED  I3Y  AN  ELECTROLYTIC  FUSED 
SALT  PROCESS(METALUDED),  AND  COM- 
PARISON WITH  BARE  ALLOY  AND  PACK 
ALUMINUM  COATED  ALLOY. (43,  pp.2,3, 21) 


Ni-15Co-lCCi-5.  5A1-4.  7Ti-3Mo-0.  95V 
1 X 2 x 0.1  IN  SPECIMENS 

COATED  BY  ELECTROLYTIC  FUSED  SALT  PROCESS 
WHICH  METALMDES  ALUMINUM  DIRECTLY  INTO 

surface  producing  an  aluminum  - mo  * i 

NICKEL  LAYER 

TESTED  IN  FURNACE  STATIC  AIR  AT  2000F  OR 
21  OOF  EITHER  IN  99  PERCENT  PUKE  ALUMINA 
BOATS  OR  BY  SUSPENSION  BY  WIRES  OF 
PLATINUM/PLATINUM  - 13  PERCENT  RHODIUM 


— 

100  F 

^2000 

^■2000 

F 

80  100  240  320 

EXPOSURE  TIME  - IIR 


FIG  2.0383  STATIC  OXIDATION  AT  2»U0  AND  2100F  OF  ALI.OY 
COATED  BY  ELECTROLYTIC  FUSED  SALT  PROCESS 
(META  LLID  INC)  (43,pp.2,22) 
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Nl-15Co-10Cr-5.  RAl-1. 7T1-3MO-0.  95V 
AS  CAST  WEDGE  SPECIMEN  AS  SHOWN  DI  FIG  2.03111 
COA.TED  WITH  ELEC  .'KOLTIC  FUSED  SALT  PROCESS 
WHICH  METAL  HD  ES  ALUMINUM  DIRECTLY  INTO 
SURFACE  PRODUCING  AN  ALUMINUM -RICH  NICKEL 
LAYER 

TESTED  IN  EITHER  STATIC  FURNACE  OR  IN  HIGH 
VELOCITY  JET  AT  MACII  I.  SEE  FIGURES  2.03111 
AND  2.0391 

SPECIMEN  FOR  STATIC  TESTS  1 x 2 x 0.1  PLATES 
SPECIMEN  FOR  HIGH  VELOCITY  JET  TEST'S  WEDGES 
AS  SHOWN  IN  FIG  2.03111 


1 HR  CYCLE 


0 80  100  240  320  400  480 


FIG.  2,0384  COMPARISON  OF  STATIC  OXIDATION  WITH 

OXIDATION  IN  HIGH  VELOCITY  JET  (MACH  I)  AT 
2100  F FOR  METALLIDED  COATING 

(13 , py. 2 , 22) 
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Ni-15Co-10Cr-5. 5AI-4. 7T1-3MD-0, 95V 
COUPONS  2 x 1 x 0.1  111 

CLAD  WITH  FOILS  OF  Fe-25Cr-4Ai-IY  OK  THICK 
NESS  . 005  AND  .01  IN  USING  FACE  SHEETS  AND 
EDGE  STRIPS.  PRESSURE  BONDED  2 HR  AT 
2000  F.  15  KSI  PRESSURE 

TESTED  IN  FURNACE  AT  lflOO  F AND  2000  F 
USING  L HR  OR  20  HR  EXPOSURES.  AFTER  EACH) 
EXPOvSUUE  SPECIMENS  WERE  COOLED  TO  212  F 
IN  10  MIN  BEFORE  REINSERTION  INTO  FURNACE 

TESTS  A \£iO  CONDUCTED  ON  CLAD  SPECIMENS 
OF  CLADDING  ALLOY 


ALL  DATA  20  HR  CYCLE  EXCEPT  AS  NOTED 


. 005  IN 

CLAD v 

~t\ 

- 

U4  i 

..^▼CLAD  CLADDI 
(SUBSTRATE  S Al 
AS  CLAD) 

NG  ALLOY 
«E  ALLOY 

r^DARE 

2090  f 

,..l 

160  240 

TIME  - HR 


FIG.  2.0391  EFFECT  OF  CLADDING  THICKNESS  ON  CYCLIC 
OXIDATION  OF  Fu-25Cr-4Al-lY  CLAD  ALLOY 
AT  1000  AND  2000  F (42,  pp.  2,3,20) 


x 

o 0 

H 

X 

O 

P 


Ni  lriCo-10Cr-5.5Al-4.7Ti-3Mo-0.05V 
COUPONS  2 x 1 x o.l  IN 

CIAD  WITH  FOILS  OF  Ni-20Ci -4A1-1. 2SI  OF 
THICKNESS  .002,  .005,  AND  .01  INCH  USING 
FACE  SHEETS  AND  EDGE  STRIPS.  PRESSURE 
BONDED  2 till  AT  2000F,  15  KSI  PRESSURE 

TESTED  IN  FURNACE  AT  1‘JUOF  AND  2000F 
USING  1 HR  AND  20  HR  EXPOSURE.  AFTER 
EACH  EXPOSURE  SPECIMENS  WERE 
COOLED  TO  212  F IN  10  MIN  BEFORE 
REINSERTION  INTO  FURNACE 


A 

O 


HARE 
.<■1  CLAD 


1 HR  CYCLE 
1 HR 


O 

□ 

♦ 

• 

■ 

J 

. JO 5 1 HR 

.002  1 HR 

. 1)1  ClAp  20  UK 
. 0U5  20  UK 

.002  CLAD  20  HR 

1 _ J 

- 

fr 

n.no  f 

ckj-q^ 

•a a 

tn 

^ HARE 

201MIK 

0 HU  100  240  320  400 

TIME  - UK 

FIG.  2.0392  EFFECT  OF  CLADDING  THICKNESS  ON 

CYCLIC  OXIDATION  OF  Nt-20Cr-4Al-1.2sI 
C TAD  A LI XI Y AT  1900F  AND  20001 

(42,pp.2.  3,  25) 


code  4212 
PAGE  14 


1078,  Delfour  Slulen,  Inc. 


NiCo 


REVISED^  DECEMBER  1978 


NONFERROUS  ALLOYS 


Nl-lSCo-lOCr-fl.  .riAl-4.  7Ti-3Mo-CJ.  ilSV 
COUPONS  2xl-\0. 1 IN- 

CLAD  WITH  FOILS  OF  Ni -H0Cr-1.4t>i  OF  THICK 
NESS  .002,  .005  AND  .01  IN  USING  FACE  SHEETS 
AND  EDGE  STRIPS  PRESSURE  BONDED  2 HR 
AT  2000  F,  lf>  KSI 

TESTED  IN  FURNACE  AT  1000  AND  2000  F USING 
20  HR  EXPOSURES.  AFTER  EACH  EXPOSURE 
SPECIMENS  WERE  COOLED  TO  212  F IN  10  MIN 
BEFORE  REINSERTION  INTO  FURNACE 

tests  also  conducted  on  clad  specimens 
of  cladding  alloy 


FIG . 2.03 03  E FF EC T OF  C L ADDIN G TIIICKN ESS  ON  CYC  IJC 
OXIDATION  OF  Ni-30Cr-1.4Si  AT  1000  AND 
2U00F  (42, pi*.  2,3,33} 


Ni 

15 

Co 

10 

Cr 

5.5 

Al 

4.7 

Ti 

3 

Mo 

0.95  V 

IN- 

100 
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NONFERROUS  ALLOYS 


REVISED^  DECEMBER  1978 


Ni 

15 

Co 

10 

Cr 

5.5 

A) 

4.7 

Ti 

3 

Mo 

0.95  V 

IN- 

100 

Ni~15Co-10Cr-5.5Al-4.7Ti-3MoO.'jr»V  j 

AS  CAST  ALLOY  MACHINED  TO  WEDGE  BAR  AS  SHOWN  IN  FIG.  2.03111  j 

COATED  WITH  CoCrAlY  BY  ELECTRON-BRAM-HEAT-SOUKCE,  PHYSICAL-  j 

VAPOR  DEPOSITION  PROCESS.  NOMINAL  COMPOSITION  OF  COATIN'  i , 

Co-22Cr-14AI-0.1Y 

TESTED  IN  MACH  1 JET  AT  2000  F IN  HEATING  CYCLES  OF  1 HR,  \ 

FOLLOWED  BY  COOLING  TO  RT  IN  3 MIN 


TYPE  OF  COATING 

TOTAL  Tine KN ESS 
OF  COATING 

IN 

Tine  KN  ESS  OF 
OUTER  LAYER 
IN 

O CoCrAlY 

COMMERCIAL  PACK  ALUMINIDE 
Oj  NO  PARTICLE  EMBEDMENT 

. uu*:i  J O . Mono 

.0033 

.0017 

. u04  TO  . 0048 

.0017 

.0012 

60 


C-POINT  OF  APPEARANCE  OF 
thermal  fatigue  crack 

NC-NO  CRACK  DURING  TEST  PERIOD 


SEE  FIG.  2.03111  FOR 

description  OF  TEST 
SPECIMEN 

SPECIMEN  EXPOSED  TO 
CYCLE  CONSISTING  OF 
1 HU  IN  MACH  1 JET  AT 
2000  F -t  3 MIN  COOLING 
TO  RT 


0 80  160  240  320 

EXPOSURE  TIME  - HR 

FIG.  2.03101  WEIGHT  CHANGE  AND  THERMAL  FATIGUE  CRACKING  TENDENCIES 
OF  ALLOY  WITH  VAPOR  DEPOSITED  CoCrAlY  COATING  AND 
COMPARISON  WITH  PERFORMANCE  OF  ALLOY  COATED  BY 
COMMERCIAL  PACK  ALUMINIDE  PROCESS  (44,pp.3,lM,26) 
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NONFERROUS  ALLOYS 


NiCo 


Ni 

15 

Co 

10 

Cr 

5.5 

Al 

4.7 

Ti 

3 

Mo 

0.95  V 

IN- 

100 

30 


Nl-lSCo-10C  r-5. 5A1-4, 7Ti-3 Mo  - 0.  MV 
AS  CAST  ALLOY  MACHINED  TO  WEDGE  BAR,  AS  SHOWN 
EAPA(EMBEDDED  A LUMINA- PARTICLE  ALUMINIDE)  COATING 
APPLIED  BY  DUAL  CYCLE,  MODIFIED-PACK- CEMENTATION  , 
ALUMINIZING  PROCESS.  APPROX  15  V/O  OF  2 MICROMETER 
ALUMINA  PARTICLES  ENTRAPPED  IN  COATING 
TESTED  IN  2000F,  MACH  I JET,  HEAT  1 HR.  COOL  3 MIN 


TYPE  OF  COATING 

THICKNESS  OF 

COATING  - IN 

THICKNESS  OF  OUTER 
NtAl  LAYER  - IN 

D»H  NO  COATING 

□ EMDEDDFD  A LUMINA- PARTICLE 

.0005  TO  .0015 

.0002  TO  .0007 

ALUMINIDE 

O FUSED  SALT,  ALUMINIZED 

.0025 

.0015 

COMMERCIAL  PACK  ALUMINIDE, 

.0033 

.0017 

VJ  NO  PARTICLE  EMBEDMENT 

. 0017 

.0012 

1/4 -H 


C - POINT  OF  APPEARANCE 
OF  THERMAL  FATIGUE 
CRACK 
NC  - NO  CRACK  DURING 
TEST  PERIOD  1 


y K = 0,  3 

— [—1.0—1 


A 

450 

V 


SPECIMEN 
EXPOSED  TO 
CYCLE  CON- 
SISTING OF  1 
1IR  IN  JKT  + 
COOUNC  TO 
RT  IN  3 MIN 


4.0 


SPECIMEN  IN  200GF  JET 
AT  MACH  1 VELOCITY 


ZOO  400 

EXPOSURE  TIME  - HR 


FIG.  2.03111  WEIGHT  CHANGE  AND  THERMAL  FATIGUE  CRACKING  TENDENCIES 
OF  ALI.OY  WITH  EAPA(EM BEDDED  ALUMINA- PARTICLE  ALUMINIDE) 
SUBJECTED  TO  1 UK  CYCLES  AT  2000F  IN  MACH  1 JET  BURNER,  AND 
comparison  WITH  PERFORMANCE  of  bake  alloy  and  other 
TYPES  OF  COATINGS  (44,  pp.  2,18,22) 
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Ni 

15 

Co 

10 

Cr 

5.5 

Al 

4.7 

Ti 

3 

Mo 

0.95  V 

IN- 

100 

Ni- 15  Co-IDCr-5, 5A1-4. 7Ti-  3 Mo-0.  D5V 

AS  CAST  ALLOY  MACHINED  TO  WE  OCR  BAR  AS  SHOWN  IN  FIG.  2. 03111 
COATED  WITH  Pt-Al  BY  APPLYING  A .0003  LAYER  OF  Pt  BY  ELECTROPLATING 
AND  ALUMINIZING  BY  PACK  PROCESS. 

FINAL  COATING  THICKNESS  APPROX.  .003  IN 


CERMET  (1) 
CERMET  (2) 
CERMET  (3) 


NiCrAl  (1) 
NiCrAl  (2) 
CoCrAlY 


Ni-Cr-Si  ALLOY  CONTAINING  T1B2  AND  TIN  PARTICLES 
Ni  Cr- ALLOY  CONTAINING  TiSi2  PARTICLES 
CERMET  (1)  h ALUMINIZING  PACK  TREATMENT  - (PACK:  2A1- 
2NaCI-‘JCAl203.  20OOF,  IE  HR) 

PLASMA  SPRAYED  Fc-2ftCr-l3AI-0.  SY,  FOLLOWED  DY  OVER 
SPRAY  WITH  A1  POWDER  + (1100)  F,  (i  HR  IN  ARGON,  THICKNESS 
(.018)  IN 

PROPRIETARY  ALLOY  CONTAINING  NO  ADDED  OXIDES 
PROPRIETARY  ALLOY  CONTAINING  Y2Oy  PARTICLES 
PHYSICAL  VAPOR  DEPOSITED 


SEE  FIG.  2.03311  FOR  SKETCH  OF  SPECIMEN 


•l  *-2 

ezz7x=i 

j DESIGNATES 

point  of 

THERMAL 

CRACK 


XT  jS  INCOATKD  3*  « l 3-2 

U CERMET  (1)  1 + 

CERMET  (2)  U j DESIGNATES 

0 J?- CERMET  (3)  1~~ 1+  POINT  OF 

T-2000F  \,LEADING  ALUMlNIDF.  *1  THERMAL 

MACH  I Q EDGE  EAPA  72TIA  1 CRACK 

1 HR  AT  TEMP  ^CRACK  FeCrAlY  771 — 1 + 

+ 3 MIN  COOL  T NiCrAl  (1)  '777 J A"  T~1 

,n  TO  RT  NiCrAl  (2)  3D  «, 

{3  ALLOY  CoCrAlY  '////A  J * 

)\  WITH  in-  Pt'Al  p77777?7?77nr^Z-ZJ 

A A1^Q/Vl " (J  ' 41)0  HDD 

1 TIME  IN  MACII  l BURNER  AT 

<0  0 zntin  F,  1 UK  CYCLES 

0 4110  000  1200 

EXPOSURE  TIM':  - HR 

2.03131  TYPICAL  WEIGHT  CHANCE  PATTERN  FOR  COATED  ALLOY  CYCLED  FOR 
ONE  HR  INTERVALS  AT  2000  F,  FOLLOWED  BY  COOLING  TO  RT  IN  3 MIN 
FIGURE  SHOWS  DATA  FOR  Pl-Al  ALLOY  WITH  SUMMARY  OF  RESULTS 
FOR  SEVERAL  OTHER  AlUIYS  <4r,fpp. 2, 3 , 13 , 14) 
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TOTAL  CORROSION  - SQ  IN 


REVISED^  DECEMBER  1973 


NQNFERROUS  ALLOYS 


Alloy 

Source 
Cum  li  lion 


-l.lCo-ltK~r-3.  5A1-4. 7Ti-3Mo-L).  05V 
_ Haynes  (10)  p.  fj 

As  Cast,  Corrosion  Tested  (;l) 


Wt.  Change  (a) 
Mg  per  Cm  (Ixjss) 


Coating  C - 3 I 

9,5 

Coating  C - 9 j 

9.4 

(a)  Exposed  1 hr  in  Na^SO^  -* 

O.a  percent. 

Nad  al  D552F. 

Ni-J fiCo-lOC r-5. 5A1-4.7TI  3Mo-0.i)5V 
SIMULATED  AIRFOIL  SECTION,!  TN  CHORD,  2 IN  SPAN 
APPROX  1/8  IN  THICKNESS  AT  LEADING  EDGE 
AS  CAST 

TESTED  IN  HIGH  VELOCITY  GAS  100(700  EPS) 

SEE  FIG.  2.03130  FOlt  ADprilONAL  DETAILS  OF 
TEST  A Nil  MEASUREMENT  PROCEDURES  1 


TABLE  2.03131  EFFECT  OF  CORROSIVE  ENVIRONMENT 
ON  WEIGHT  CHANGE  IN  BARK  AND 
COATED  CONDITION 


> MAH  M 200  | 

1 • IN  H)Q 


TOTAL  CORROSION 
AS  AREA  UNDER  CURVE  OF 
DEPTH  OF  PENETRATION  VS 
_TEMP.  SEE  FIG.  2.03135  ANI) 
2.0313G  I | 


15 

Ni 

Co 

10 

Cr 

5.5 

Al 

4.7 

Ti 

3 

Mo 

0.95 

V 

IN-100 


Kl-  inCo-10Cr-5. 5AI-4. 7Ti-3Mo--0. 9.5V 
SlMUIiATKD  AIRFOIL  SECTION  1 IN  CHORD, 

2 IN  spam,  APPROX  1/ti  IN  TIUCKNPJSS  AT 
LEADING  EDGE 
AS  CAST 

TESTED  IN  HIGH  VELOCITY  GAS  RIG  (700  fntt) 
SEE  HG.  2.03190  FOR  TEST  DETAILS 
KSSS3  OP-4R(0.1GS)  - appm  SAL.T/AIR 
irmiu  JV  -411(0. 1GS)  - 4ppni  SAI.T/AIR 
MV  JP-4L02S)  - 3ppm  SALT /AIR 
[=ir.n  JP-4 (.U2S)  - 4ppm  salt/ AIR 


TOTAL  CORROSION  DEFINED  AS  AREA 
UNDER  DEPTH  OF  PENETRATION  VS 
TEMP  CURVE,  SEE  FIG. 2. 03135  AND 
0 _ FIG. 2. 03130 


INCO  713  LC 


^jC/O.LNino/  / flNcH'713CVf7-v«L, 
INCO  713  LC  _/ /°/|/  / / / i'  // 

1 1300  / /IN  728/ 

O U700  'Ppi 


WEIGHT  PERCENT  CHROMIUM 

FIG.  2.03133  CORRELATION  SHOWING  THAT  LOW  CORROSION  RESISTANCE 
OF  ALLOY  LS  RELATED  TO  FI’S  IA)\V  CHROMIUM  CONTENT 

(27,  p.  132) 


Ni-ir,Co-lUOr-r>.  r>Al  7Ti -3  Mo- 0.0.5  V 

SIMULATED  AIR FOl»  ECTION.l  IN  CHORD, 

2 IN  SPAN,  APPROX  1/8  IN  THICKNESS  AT 
LEADING  EDGE 
AS  CAST 

TES'-ED  IN  HIGH  VELOCITY  GAS  IUG(700  EPS; 

SEE  FIG.  2.03135  FOR 

ADDITIONAL  DETAILS 

OF  TEST  AND  MEASURE-  K 

ME  NT  PROCEDURES  U 700  *>V  — 

/ A , 

C U.ir^S  (JP-4)  / [X)IDRr, 

n (i.iii'.'s  (jp-410  / 7SS.  1U1 

TRW  I8im  / 

: ■ I — • -Of U PDRL  — 


U PDRI, 
ltil 


(a)  (I.)  («•)  (d)  <o)  (t)  (H)  (h)  (i)  (j)  (k)  (1) 

(a)  U 1!>DI)  (e)  INCO  713C  (i)  I 7HU 

<l»)  IN  1«>»  (f)  INCO  713 LC  C)  TRW  1800 

(«•)  MAR-M  200  (k)  PDRL  101  (L)  IN  728X 

(d)  H 101 11  (It)  PDRI.  102  (1)  X - 40 

FIG.  2,03132  RELVnVK  CORROSION  OF  VARIOUS  SUPER- 
ALL(  lYK  FOR  TWO  FUELS  OF  DIFFERENT 
SULFUR  CONTENT  AND  TWO  SALT' AIR  RATIO 
CONTENTS  (27,  p.  131) 


INI  tin  PPill.  w/ 

R lsilliotnio^.  ...  . [ 

UJmiij  /jIUl  lbU 

jjjrv iP7S  * ^ ^ lNrt>  ?i3c 


8 12  10  20 
WEIGHT  PERCENT  CHROMIUM 

FIG.  2.03134  CORRELATION  SHOWING  THAT  THE  U>W 

Til  ESI  10  LD  TEMPERATURE  FOR  CORROSION 
IS  PRINCIPALLY  RE  1 " ' ED  TO  ITS  LOW 
CHROMIUM  CONTENT  (27,  p.  33) 
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Ni 

15 

CO 

10 

Cr 

5.5 

Al 

4.7 

Ti 

3 

Mo 

0.95 

V 

IN -100 


Ph 

O 

H 

W 


Nl  15Co-10Cr-5.  5A1-4.  7!>Tl  -3Mn-0. 05 V 
SIMULATED  AlRPOIL  SECTION, 1 IN  CHORD, 

2 IN  SPAN,  APPROX  1/8  IN  THICK  AT  LEAD- 
ING EDGE 

TESTED  IN  mGlI  VELOCITY  GAS  KIG(700  FPS) 
USING  LOW  SUI.PHUR  FUEL(JP4  WITH  .02S) 
SYNTHETIC  SEA  WATER  ADDITION  TO  COM- 
BUSTION GAS  PRODUCED  4 & 8 PPM  SOLID 
SEA  SALT  AT  INLET  TEMP,  MEASURED  BY 
. 030  DIA  HARDNESS  PLUGS  IN  CONTROL 
SPEC, CHECKED  BY  THERMOCOUPLES. 
CYCLE:  1 MIN  TO  MAX  TEMP  + 10  MIN 
AT  TEMP  + 1 MIN  AIR  COOLING  TC  REACH 
1000F  OR  BELOW.  TOTAL  TEST  TIME  120 
HOURS 

DEPTH  OF  ATTACK  MEASUREMENTS  MADE 
BY  METALLOGRAPmC  AND  OPTICAL  OBSER- 
VATIONS ON  SECTIONS  1/4,  i,  AND  1 1/2  IN 
FROM  TIP  OF  AIRFOIL 


O*  PEAK  METAL  TEMP  1600F 
A A PEAK  METAL  TEMP  1750F 
TWO  TESTS  AT  EACH  TEMP 


O 


o 

1400  1500  1000  1700 

METAL  TEMP  - F 


FIG.  Z.  03135  CORROSION  (AS  MEASURED  BY  DEPTH  OF 

ATTACK)  FOR  ALLOY  IN  700  FPS  VELOCITY 
GAS  JET  USING  LOW  SULPHUR  FUEL  (JP4) 

WITH  4 PPM  AND  8 PPM  SEA  SALT  IN  INLET  AIR 

(27,  pp.  1-G,  7G,  88) 


H 0 
E 24 


o 


Ni-lGCo-10Cr-5.  5AI-4.  75Ti-3Mo-0.  !I5V 
SIM  UI A TED  AIRFOIL  SEC  HON,  1 IN  CHORD,  2 
IN  SPAN,  APPROXIMATELY  1/8  IN  THICK  AT 
LEADING  EDGE 

TESTED  IN  HIGH  VELOCITY  GAS  RIG  (700  FPS) 
USING  HIGH  SULPHUR  CONTENT  FUEL  (JP-4R 
WITH  0.  IKS) 

SEE  FIG,  2,03135  FOR  ADDITIONAL  DETAILS 
OF  TEST  PROCEDURES  AND  MEASUREMENT 
TECHNIQUE 

O • PEAK  METAL  TEMP  1G0«F 
A ▲ PEAK  METAL  TEMP  1750F 
TWO  TESTS  AT  EACH  TEMP 


6 


1400  1500  1000  1700  1770 

METAL  TEMP  - V 


FIG.  2.03136  CORROSION  (AS  MEASURED  BY  DEPTH  OF 
ATTACK)  FOR  ALLOY  IN  7*>«  FI’S  VELOCITY 
GAS  JET  USING  HIGH  SULPHUR  FUEL  (.IP-411) 
WITH  4 PPM  AND  BPPM  SKA  SALT  IN  INLET 
AIK  (27, pp. 1-0,100, 112) 


Source 

(4G)  pp  Z,  3,  7,  16,  18 

Alloy 

N1-15CO-1  OCr-5.  5A»-4.  7 11 -3 Mo-0. 95 

Coating  A)-Cr-Mn:  1900F,  1.5  )«r  -*  3 hr  cool  from  pack  i 

Conditic. 

1C00F,  50  hr. 

Coating  ALP  No.32:  RT  application  t 2080F,  2 hr  < 1GCHJF, 

50  hr. 

Spec!  men 

Standard  T56-A-9  solid  turbine  blades 

Heat  blades  rotating  at  1800  rpm  In  city  Kan- 

fired  furnace  h>  1900F.  Spray  with  aspirated  solution  of 

Test 

deionD.ed  water  and  1.4  jicrccnl  water  soluble  aodluni  sulfate. 

Condition 

1.5  min  heat  i 0.5  min  spray,  observe  every  100  cycles. 
Remove  when  total  corrosion  area  ol  .01 JN^ 

(0.1  IN  on  each  side) 

Av.  No,  cycles  to  hot  corrosion  (allure  (•>  sped  mom) 

Coated  with  Al-Cr-Mn  - 713 

Coated  wlthAEI*  No.  32-  5 <11 

TABLE  2.113137  HOT  CORROSION  RESISTANCE  OF  'll  I INWALL  ALLOY 
WITH  TWO  PROPRIETARY  COATINGS  IN  I HOOK  CYCLIC 
TEMPERATURE  TEST 


CODE  4212 

P £,  GE  20 


^ Ik:  If  our  Stulen,  Inc. 


REVISED:  DECEMBER  1978 


NONFERROUS  ALLOYS 


NiCo 


Ni-15Co-10Cr-G.  5A1-4. 7TI-3MO-0,  95V 
1/4  DIA  PINS,  1 1/8  IN  IjONG 
AS  CAST 

TESTED  IN  A TURBINE  SIMULATOR  TYPICAL  OF  MARINE  SERVICE 
USING  COMPLEX  TEMPERATURE  AND  VELOCITY  PATTERN  ( SEE  REF  29) 
TEMPERATURES  INCLUDE  PERIODS  AT  1000,  1G0U,  lb(J0  ANI)  200U  F 
VELOCITIES  RANGE  FROM  1G3  TO  275  FT  PER  SEC.  SULFUR  IN  FUEL 
APPROX  400  PPM 


SUPERALLOYS  BASE 


SURFACE  SCALE 
RLMOVED  AFTER 
TEST.  SCALE 
WEIGHTS 
CALCULAT ED 
FROM  WEIGHT 
MEASUREMENTS 
BEFORE  AND 
AFTER  SCALE 
REMOVAL. 


Ni 

15 

Co 

10 

Cr 

5.5 

A1 

4.7 

Ti 

3 

Mo 

0.95  V 

IN- 

100 

FIG.  2.02138  COMPARISON  OF  HOT -CORROSION  BEHAVIOR  IN  A MARINE  TURBINE 

SIMULATOR  WITH  OTHER  NICKEL- AN  I)  COBALT- BASE  ALLOYS  (29,  pp.  1-17) 


Source 

(23)  p 9 

Nominal:  Ni-10Cu-lOCr-5.  5A1-1. 7Ti- 

J Mo-0,  95  V 

Alloy  For  actual  compnKitioriH 

see  Fig. 

1.024 

a) 

Condition 

Ad  Cast,  Various  Ct>mj)oaition» 

and  Grain  Sizes  Notei 

Test  specimen  & test  condition 

in.  <11; 

x 1.1  in. 

C.  L.lcMeU  at  RT(2) 

Level  of  election  vacancy  cone  on- 

I'tU 

■•tv 

oUl  I".) 

RA 

trulioii,  Nv,  and  grain  size 

ksi 

ksj 

Percent 

Percent 

Low  Nv,  Fine  Grain  size 

j i i . :i 

loi.  :j 

i2 

1 1 

Medium  Nv,  Fine  Grain  Size 

1 53. 2 

112.  5 

9 . r» 

8.  ft 

High  Nv,  Fine  Grain  Size 

112.1*, 

Ci)  !m.v 

!L  1) 

9.  0 

Low  Nv,  Coarse  Grain  Size 

14212 

Ilia.  fi 

9.  o 

9,  0 

Medium  Nv,  Cuars**  Grain  Size 

12H.7 

Ml.  9 

7.0 

0.  o 

High  Nv,  Coarse  Grain  Size 

12b.  3 

Klti,  2 

3,  5 

«.<> 

Min  riffulrcd  Ly  AMS  5397 

115.0 

HO,  n 

5.0 

additions  ol‘  A1  & Ti  to  same  muster  heat.  Several  levels  of 
vacancy  concentration,  Nv,  dcnlgnutiug  tendency  to  form  pig 
P reel  pilule,  as  d*.  fined  in  Figures. 

(2)  All  values  Hliown  aver.'ige  of  Lwo  tests  except  as  designated. 

(3)  One  tent  only. 


by 
electron 
mu 


TABLE  .1,021  R<X)M  TEMPERATURE  TENSILE  PROi'KR  1IKS  OF  AS 
CAST  ALLOY  IN  111  RLE  LEVELS  OF  ELECTRON 
VACANCY  CONCENTRATION.  AND  AT  TWO  LEVELS 
OF  GRAIN  SIZE 
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Ni 

15 

Co 

10 

Cr 

5.5 

Al 

4.7 

Ti 

3 

Mo 

0.95  V 

IN- 

100 

Source 

(24)  pp  3,  1,  (i,  8 

Alloy 

Ni-15Co-10Cr-5.5Al-4.7Ti-3Mo-0.95V  (nominal), 

Condition 

Forged^1 ) and  Heat  Treated^  as  Indicated 

Heal  Treated 

I1T  + 1550F,  loon  hr 

HT+  1550F,  250  lir  \ 

Ti  + Al  Content  (3) 

Low 

Med 

High 

Low 

Med 

High 

Low 

Med 

High 

F,„  — (ksi) 

185.5 

183.5 

175 

179 

187 

1G4 

179.5 

17G.5 

151.5 

I-'ty  - (kst) 

139.  5 

140.5 

141 

144 

142... 

140.5 

124 

123 

120.5 

a (1.25  IN)  - percent 

19 

17.5 

12.5 

12.5 

13 

G 

22.5 

20.5 

3.  5 

RA  - percent 

15 

14.  5 

11.0 

12.5 

17.5 

8 

21 

18.5 

4.5 

(1)  S in  dia  casting  extruded  to  3. 15dia  (&  2050 F.  Flattened  at  20501'  to  1 3/4  thick  pancake,  then  to 
1 in  thick  pancake,  then  to  5/8  in  thick  pancake.  Machined  to  1/4  in  dia  specimens  x 1.25  in 
gage  length  specimens. 


(2)  2215F,  4 lirs  + 2000F,  4 hrs  + 1550F,  1G  hrs  + 1400F,  24  hrs. 

(3)  AH  three  alloys  from  same  master  heat.  Additions  of  Ti  & A1  to  form  alloys  of  varying  degree 

of  proneness  to  sigma  phase  precipitation,  by  controlling  average  electron  vacancy  concentration, 
Nv:  _ 

Low  Nv  = 2.20  ; Ni-13. 73CO-1C.  26Cr-4.95Al-4. 08  Ti-3.  GOMo-.StiV 
Med  Nv  = 2.40  ; Ni-13.41Co-10.15Cr-5.3GAl-4.09Ti-3.58Mo-.9GV 
High  Nv  = 2,  59  : Ni-13.42Co-10.13Cr-5.46Al-4.G3Ti-3.58Mo-l.01V 


TABLE  3.022  MECHANICAL  PROPERTIES  AT  ROOM  TEMPERATURE  OK  FORCED  ALLOY  IN' 
THREE  CONDITIONS  OF  PHONE  NESS  TO  SIGMA  PHASE  PRECIPITATION. 
PROPERTIES  SHOWN  AFTER  NORMA] . HEAT  TREATMEN  T AND  AFTER  HEAT 
TREATMENT  FOLLOWED  BY  EXPOSURE  TO  ELEVATED  TEMPERATURE. 


A Hoy 

Ni-15Co-lOCr 

5A1-4. 7Tl-3Mo-0.!Jfi 

V 

Source 

(2>1)  |,  5 

Condition 

Forged  + HT  (221 GF,  4 hm  + 2000 F,  4 hrs  h 15501',  10  hrw 
+ HOOF,  24  hrn  * Exposure  as  Indicated) 

Thermal 

Exposure 

Al  + Ti 
Content 

,.-lu(kKl)(-l) 

Flv  (kBl)«) 

RA  %<'*> 

/vs  neat 

Treated 

185.  5 

139.  5 

19 

15 

Medium^ 

183.5 

140.  5 

17.  r, 

14.5 

High(3) 

175 

141 

12.5 

11 

Exposed 

LoW^ 

179 

144 

12.5 

12.5 

1000  hr  @ 

Medium 

187 

142,5 

18 

17.  r, 

1350K 

IllKh(J> 

1G4 

140.5 

5 

8 

Exposed 

LoW(1> 

179.  5 

124 

22.5 

21 

250  hro 

Medium^) 

17G.5 

123 

20.  5 

l&Ji 

(«>  1550F 

High*31 

151.5 

120.5 

3.5 

4,5 

(1)  Sigma  free 

(2)  Moderately  sigma  prone 

(3)  Very  eigina  prone,  see  Table  3.022  for  actual  compositions 

(4)  Average  of  2 tests 

TABLE  3.  023  EFFECT  OF  THERMAL  EXPOSURE  SUHSKgiJ ENT 
TO  HEAT  TREATMENT  ON  ROOM  TEMPERATURE 
TENSILE  PROPERTIES  FOR  FORCED  ALLOY  WITH 
THREE  LEVELS  OF  A1  ' Ti  CONTENT  (ELECTRON 
VACANCY  CONCENTRATION,  Nv,  RELATING  TO 
PROPENSITY  TOWARD  SIGMA  FORMATION) 


(C)  1 !l 7 ft , Pelfuur  Sluicn,  Ine. 


NiCo 


REVISED:  DECEMBER  197B 


NONFERROUS  ALLOYS 


160 

140 

§120 

100 

80 


Nl-iriCo-10Cr-5.5AI-4.75Ti-3Mo-iJ.ilSV  (NOMINAL) 

ACTUAL  COMPOSITION 

LOW  Nv  (2.29);  Ni-13.5Co-10.2Cr-5Al  4.16Tl-3.55Mo-.98V 
MED  Nv  (2.49);  Nl-13.3Co-10.14Cl-i.5Al-4.2im-3.55Mo-. 06V 
HIGH  Nv  (2.GS):  Nl-13. 3CO-10. 12Cr-i'.. 6A1-4. G9 IT-3. 51Mo  ,97V 
ALL  CASTINGS  FROM  SAME  MASTER  HEAT,  ADDITIONS 
OF  A1  AND  T1  MADE  DURING  CASTING  TO  ACHIEVE 
DESIRED  LEVEL  OF  ELECTRON  VACANCY  DENSITY 
(Nv) 

AS  CAST  + EXPOSURE  TO  1050  F FOR  TIMES  INDICATED 
TEST  SPECIMEN  1/4  IN  DIA  EAR  x 1 1/4  IN  GAGE  LENGTH 


c 


fTd 
gZZZ2  fty 


-g£g 


3 

o 

•ss 

ns « 


? 

O 


5 

V'A 


C4  15] 

M 10 


H 

3 

Sflf 

,o  o 

IQ  IQ 
•M  <N 

TL 


9.  § § 

nil 

JnT 


j S 
: x ■ 


it 


LOW  MED  HIGH  LOW  MED  HIGH 


ELECTRON  VACANCY  DENSITY  - Nv 
j?IC.  3.024  EFFECT  OF  EXPOSURE  AT  1550  F FOR  250  HR  AND  FOR 
2500  HH  ON  ROOM  TEMPKHATUllK  TENSILE  PROPER  TIES 
OF  ALLOY  WITH  Al-Tl  COMPOSITION  VARIED  TO  ACHIEVE 
THREE  LEVELS  OF  ELECTRON  VACANCY  CONCENTRATION, 
Nv  (22,  PIL  1-3,10) 


15 

Ni 

Co 

10 

Cr 

5.5 

Al 

4.7 

Ti 

3 

Mo 

0.95 

V 

IN-100 


Source 

(28)  H.  7.  4,5,7. 

Alloy 

Ni-15Co-l0Cr-5.5Al-4.75Ti-3Mo-0.95V  (Nominal,  see  actual  holow) 

Composition 

Ab  Cast:  Ni-15.4Co-10.5Cr-5.55Al -4. 72Ti-3.02Mo-l.05V 

FM  Powder:  Ni-l3.97Crj-0.54Cr-ri, r,6Al-4.  82‘ii- :i.7omo-158  pj>rn 

HM  Powder:  N1-15.4CO-10. 5CM3. 55A1-4. 72'1'i -3.  02Mo-l.  05V-53  ppm  02 

NM  Powder;  NJ-15. 18Cu-9. 4Cr-5.  BlAl-1.  82TI-3.  OH  Mu-.  U9V-79  ppm  Oj. 

KM  Powder  250  to  44  microns 
Powder  Size  HM  Powder  -7o7  lu  74  microns 

NM  Powder  -500  to  44  microns 


HIP  FM  Powder;  Pressed  ;it  2320F,  25,000  psl  for  1 hr  to  strip  1 x 1.  G > 20  )N 
HIP  HM  Powder;  Extruded  to  3/4  IN  Dili  Rod,  Prt'BSt'd  at  2300K,  15, 000  pai  1 hr, 
Powder  Consolidation  Extruded  at  2000 F with  12:1  Reduction 


Direct  Ext’adcd  I'M  & NM  Powders;  Extruded  at  21  OOF  with  20:1  Reduction  to 
1/2  IN  Dla  Bar  x 7 Ft 


Specimen  Sl/.c 

3/8  IN  D 

a Threaded  T 

uflili*  liar 

Ab  Cast 

HM  Powder 

Ah  HIP  i Extr 

FM 

Ah  HIP 

I’M 

Ah  Extr 

NM 

As  Extr 

NM(1) 

A«  Grain 
Coarsened 

Ktu  kfli 



143 

- 

163 

244 

238 

188 

‘ ly  knl 

136 

- 

137 

175 

171 

137 

o(l  IN) 

4 

- 

3 

20 

21 

) 4 

RA,  PERCENT 

8 

- 

10 

lr, 

17 

7 

HurdncBB  RC 

32 

41 

19 

43 

48 

33 

(1)  Exposed  2270 Kf  24  hours.  Average  grain  aiae  100 (4  ni,  some  grains  hs  large  as  200 /t  m 
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Ni 

15 

Co 

10 

Cr 

5.5 

Al 

4.7 

Ti 

3 

Mo 

9.95  V 

SN- 

100 

Alloy 

Ni-lGCo-10Cr-5.  5A1-4. 7T1-3MO-0. 95 

Source 

(19)  dp  6.  7.  10 

Condi  Lion 

Superplastically  Forged^),  ASTM  Grain  Size  12-14 

Heat 

SolutlonUed  at  2050F,  Stabilized  at  1600F  and  1800F  + 

Treatment 

Precipitation  Hardened  at  1200F  and  HOOF 

Disk  1 (499  - A2A) 

Disk  2 (499  - A2H) 

RT 

1300F 

RT 

1300F 

rtu<ksl> 

232.4 

177.0 

232.0 

179.1 

FtyC5"1) 

164. 5 

152.7 

164.9 

156.0 

e percent 

22.0 

14.0 

22.0 

14.7 

RA  percent 

22. 2 

22.3 

21.5 

16.4 

(1)  Typical  composition:  Ni-18.5Co-12.4Cr-4.98Al-4.32Ti- 
3. 2Mo-0. 78V-.  97C-.  06Zr-.  02B 

(2)  By  patented  Uatorizlng-rw  Process 


TABLE  3.026  TENSILE  PROPERTIES  OF  SUpERPLASTTCALLY 
FORMED  PANCAKE  FORGING  USED  IN  FATIGUE 
CRACK  GROWTH  STUDIES 


HOLD  TEMP-  F 


FIG.  3.0291  UNNOTCH  KD  C HA  II PY  IMPACT  STRENGTH 

AT  ROOM  TEMPERATURE  AFTER  HOLD  FOR 
500  OR  1000  HR  AT  ELEVATED  TEMPERATURE 

(4,p.ll) 


& 

t 

- 2o 


Ni-15Co-10Cr-5.  DAI-4, 7TI-3  Mo-0. 95V 
TENSILE  SPECIMEN  0,1  IN  THICK  x 0,1 
WIDE  x 1 IN  GAGE  LENGTH 

COVERED  ON  MAJOR  SURFACES  (NOT  EDGES) 
WITH  .00D  IN  CLADDING  OF  Ni-20Cr-4Al-l. 5Si 
PRESSURE  BONDED  2 HR  AT  2000  F,  15  KSI 
PRESSURE 

TESTED  IN  THE  AS-CLAD  CONTITION  WITHOUT | 
OXIDIZING,  WITH  EXPOSURE  TO  TEMP  CYCLE 

in  argon  to  avoid  oxidation,  and  in 

FURNACE  OXIDATION 


mm 


i 


THERMALLY  TREATED  BARE 
ALLOY  (ONE  2 HR  CYCLE  AT 
2000  F + ONE  400  IIU  CYCLE  AT 
1900  K IN  ARGON) 

AS  CLAD,  NON-OXIDIZED 


! \\VM  AK  OXIDIZED  IN  FURNACE  (400 
j L.O.  V_Wj  i HR  CYCLES  AT  1900  F> 


yTU 


Vn 


1 


w 


30 


Pi 
£■ 

20  £ 


TY 


e(l  IN) 


FIG , 3,027  COMPARISON  OF  TENSILE  PROPERTIES 
OF  ALLOY  WITH  Ni -20Cr -4A1-1. 2S1 
CLADDING  ALLOY  BEFORE  AND  AFTER 
OXIDATION  (42,  pp. 2, 3, 20, 29) 


FIG.  3,03111  STRESS-STRAIN  CURVES  FOR  AS-CAST  A LLOY 
AT  ROOM  AND  ELEVATED  TEMPERATURES 

(1G  j»p.  7,10,  115  REVISED  BY  PERSON- 
AL COMMUNICATION,  METCUT  TO 
MPDC  0-13-78) 
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Ni 

15 

Co 

10 

Cr 

5.5 

Al 

4.7 

Ti 

3 

Mo 

0.95  V | 

!N“ 

100 

[Source 


(46)  nn  2,  3,  7,  08,  09 


' ■ ■ ; : . — 

[Alloy  Ni-lSCo-lOCr-5.5Al-4.7  Ti-3Mo-0.9SV 

As  Cast  + Coated  with  Two  Proprietary  Coatings: 
Icondit.on  Al-Cr-Mn  or  AEP  No.  32 

■nditions 


[RneMmm  TVnt*  Simulated  Airfoil,  See  Fig.  3.0G1j J 

F^lfcsl) 
e (In) 
percent 

AKP  No.  32  Cootii'.R 

Al-Cr-Mn  Coat 

LIK 1 

RT 

1400  F 

ianor 

RT 

) 4011 1*' 

18  OOF 

U) 

114 

108.9 

3.7 

120.8 

101.9 

3.7 

07.8 

55,3 

3.2 

(1) 

101.  (1 

96.7 

1.7 

110.3 

108.4 

68.4 

49.9 

5.3 

(i)  Average  of  two  teats 


TABLE  9.03141  TENSILE  PROPERTIES  AT  ROOM  AND  ELEVATED 
TEMPERATURES  OF  THINWALL  ALLOY  COATED 
WITH  TWO  PROP  HIE  TAK Y COA’llNGS 


£ 

W 

rj 


FIG.  3.  03123  TENSILE  PROPERTIES  OF  JOCOATED  PAR  AT  ROOM 
AND  ELEVATED  TEMPERATURES  (16  vn>.  M,  121, 122) 


Source 

(38)  p 95 

Alloy 

Ni-15Co-]0Cr-5.5Al- 

4.7T1-3MO-0.9 

GV 

Condition 

As  CaEt 

21 50 F 2 hr 
Rapid  Air  Cool 

2050F  24  hr 
Rapid  Air  Cool 

1900 F 24  hr 
Rapid  Air  Cool 

ni 

Tested  at  13CH1F 
Fh,(ksl) 

ir>n 

138 

129.3 

130.7 

Fty(ksl) 

124.3 

l)!l 

114.7 

119.3 

c percent 

8.8 

6.  0 

4.5 

3.7 

RA  percent 

14.3 

7.0 

8.1 

5.8 

(1)  All  values  average  of  3 tests. 


TABLE  3.03131  EFFECT  OK  SEVERAL  SOLUTION  HEAT 

TREATMENTS  ON  THE  TENSILE  PROPERTIES 
AT  1300  K 


Ni-lGCo-lOCr-5.  GA1-4. 75Tl-3Mo- 0.05V 
2 x 1/4  x .040  IN  SHEET 

AS  CAST  4 CODE P C-2  COATING  (APPROX. 

2 MILS)  PARTIAL  STRIP  RY  LOCALIZED  GRIT 
B I AST;  CO  M P I .ET  E STRIP  BY  IMMERSION  IN 
SOLUTION  OF  30  V/'O  HNOy  + 1 v/°  TURCO 
4104  FOR  1 HR- 

RECOATING  WITH  VACUUM  FIRED  SLURRY 
SLIP  PACK  OF  IHi  Cr-44  A1 
OXIDIZED  ISO  HRS,  1750F 
TESTED  AT  1 HOOK 


FTU  OF  UNCOAT Kl)  ALLOY  AT  1800F 
Fty  OF  UNCOATED  ALLOY  AT  iOUOK 


■X 

H 

O 


H 130 

O 120 
p 

£ 110 
tn 

O 100 

2 » 
80 
W 
CL, 


70 


H 

o S 

w + 

pc  e, 

E w 

Q s H 

u , w 

P'3  »J 

s 3 a 

H 

£ o 
0^0 
5 ; * + 

pw 
J o U H 
< u t-1  < 
y J < O 
« < O CJ 
w >2  O VJ 

£ S m < 
0 § ' 
"S 


o g 


.J  H 
H U 
M - 
< CL 


N Q 


si 

< CJ 

o « 


- go.  3 ksi 

- 4i.2  KSI 

H 

< 


£ H 

3 £: 

H 

c2  Q 

< o 


H < 

Jl  O 

O u 


02  Ei 

+ d 

as 

H W 

s * 

£g 

< o 


o S 

w M 

a a 
y x 


1’TU 


Fty 


FIG . 3.03142  EFFECT  OF  COATING,  HIGH  TEM  PER- 
A'J'UHK  KXI’OSURK,  AND  SEVERAL 
REPAIR  PROCESSES  UN  TENSILE  AND 
YIELD  STRENGTH  AT  1800F  COMPARED 
TO  AS  CAST  UNCOAT  ED  BASK  MATERIAL 
(2.ri , )ip.3G,lir>,  11C) 
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NONFERROUS  ALLOYS 


Ni-15Co-10Cr-.r»,f*A1-4.75Ti-3Mo-0.  95V 

2 x 1/4  x . 040  IN  SHEET 

AS  CAST  + CODEP  C-2  COATING  (APPKOX. 

2 MI  IS) 

PARTIAL  STRIP  BY  LOCALIZED  Li  KIT  HI  AST 

COMPLETE  STRIP  BY  IMMERSION  IN  SOLU- 
TION OF  30V/O  HNOjj  i lV/O  TURCO  4104 
FOR  1 HOUR.  It  ECO  A TING  WITH  WCUUM- 
FIRED  SLURRY  SLIP  PACK  OF  56  Cr-44  AI 


OXIDIZED  150  HRS,  1750F 
TESTED  AT  1890F 

ELONGATION  OF  UNCOATED  ALLOY  AT 
1H00F  - 5.  G PERCENT 
W 


FIG.  3,03143  EFFECT  OF  COATING,  HIGH  TEMPERATURE 

EXPOSURE,  AN1)  SEVERAL  REPAIR  PROOF  3ES 

un  elilunca.1  lui*  Am  ipuuf  compared  m o as 

CAST  UNCOATKD  BASE  MATERIA  1-425,  jjjj, 36. 1.15, 118) 


Ni 

15 

Co 

10 

Cr 

5.5 

AI 

4.7 

Ti 

3 

Mo 

j 0.95  V 

IN- 

100 

Source 

(39)  p 339 

Alloy 

Nl  15Co-  10Cr-5,  5A1-4. 7Ti -SMo-0. 

s 

< 

Condition 

Powder  Metallurgy 

product,  deformed  and  brat  treated  as  shown 

Extruded  10.  (i  to  1 at  2000  F, 
Rolled  3 to  1 at  2000  F 

Extruded  10.  G to  1 at  2000F, 
Rolled  3 to  1 at  2001)  K + 
215UF.  4 hr,  oil  quench  + 
1200F,  22  hr,  air  uoul  + 
1400F,  8 hr  air  cool 

1 

Extruded  It),  ti  to  1 at  2nnot 
' Superplasticallv  detarm- 
'*d  1007.  In  tension  at  2U00F 

1 227 5 F,  50  hr,  air  cool 

IIT 

F|U  <ksl> 

310 

254.  (» 

170.7 

J'ty  (kf.il 

295.  8 

177.  8 

129.4 

e percent 

12 

27 

1ft 

HA  percent 

8 

25 

15 

1200F 

*'tu  lk“i) 

257.4 

204.  H 

103.  li 

E'ty  (ksi) 

241.8 

180.  6 

125.  ?, 

c percent 

10 

15 

8 

RA  percent 

10 

12 

10 

TABLE  3.03151  EFFECT  OF  REDUCTION  PRACTICE  AND  MEAT  TREATMENT  ON  THE  TENSILE 
PROPERTIES  AT  KT  AND  1200 V OK  POWDER  METALLURGY  AI.IiOY 
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Ni 

15 

Co 

10 

Cr 

5.5 

Al 

4.7 

Ti 

3 

Mo 

| 0.95  V 

IN- 

100 

BOO 

TEMP  - F 


FIG.  3,  OH  If,  U TENSILE  PROPERTIES  OF  SPECIMEN  FROM  POWDER 

ALI>OY  PANCAKE  AT  RT  AND  1300F,  WITH  COMPARISON 
TO  PRATT  & WHITNEY  SPECIFICATIONS  FOR  ALLOY 

(35,  FIGS.  1,2) 


10'4  10"3  10"2  10"1  1 


STRAIN  HATE-MIN'1 

FIG.  3.03153  FLOW  CHARACTERISTICS  IN  THE  RANGE 
AT  LOW  STRAIN  HATES  AND  TEMPERA- 
TURES WHERE  SUPERPLASTICITY  CAN 
BE  ACHIEVED  (2SptZ-24) 


FIG.  3.03154  RELATION  BETWEEN  STRESS  AND  IllC.ll 
DEFORMATION  RATE  AT  l!MH>  TO  2l<inF 
FOR  ALLOY  EXTRUDED  DIRECTLY  FROM 
POWDER.  (28,  ]J./.-22) 
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NONFERROUS  ALLOYS 


■■  -t — | — n 1 — 1 

Ni-15Co-10Ci~5,5Al-4,75Tl-3Mo-0.95Y(Nominal) 

1/2  IN  DIA  nAR 
AS  EXTRUDED 

SEE  TABLE  3,025  FOR  DETAILS  OF  POWDER 
COMPOSITION,  CONSOLIDATION  PARAMETERS 
AND  R.T.  PROPERTIES  OF  ALLOY 


STRAIN  RATE  - PERCENT 


I1G.  3.3105  HIGH  STRAIN  RATE  EFFECT  ON  ELON- 
GATION AT  FRACTURE  AT  1300  TO 
2100F  FOR  ALLOY  DIRECTLY  EXTRUDED 
FROM  POWDER  (28, p. 7.-22) 


Source  (2(i)  p Yin  - 10 

AI10V Ni-15Cn-10Cr-S.SAl~l.7f)Ti-3Mo-0.9SV 

Condition As  Cast  - lOOOF,  4 hra,  AC _ — 


Test  Condition 

5000 

p«ig 

Helium 

Hydr 

ogen  _ , 

HT 

1250F 

RT 

1250? 

F^(kai) 

118.  5 

105.2  1 

107.5,  87.5 

99. 0,  114.0 

F(v(ksi> 

DU.  H 

101.8 

100.  5,  87.5 

99.0,  lOli.l 

e{l  in),  percent 

9.5 

2.0 

3.U,  2.5 

1.5,  2.0 

HA  percent 

14.7 

0.7 

3.5,  5.5 

2.0,  7.1 

TABLE  3.03171  TENSILE  PROPERTIES  AT  KT  AND  1250F  IN 
5000  pain  HELIUM  AND  HYDnOGEN 


15 

Ni 

Co 

10 

Cr 

5.5 

Al 

4.7 

Ti 

3 

Mo 

0.95 

V 

•N-100 


Ni-15Co-KlCr-5.5Al-4.7Tl-3Mo-0.95V 

TENSILE  SPECIMENS  CUT  FROM  2 1/4  IN  DIA 
OR  43/4  IN  DIA  BILLETS.  AS  INDICATED 

PREPARED  FROM  POWDER  PARTICLES  BY  "ALL 
INERT"  POWDER  METALLURGY  PROCESS  OF 
PRATT  It  WHITNEY  AIRCRAFT 

2 1/4  IN  BILLET  EXTRUDED  FROM  5 IN  DIA 
COMPACT 

1 3/4  EM  BILLET  EXTRUDED  FROM  10  1/2  IN 
DIA  COMPACT 

2 1/4  IN 


lypO  2000  21011 


TEMP  - F 

FIG  3.03150  SUPRltPLASTICITY  EXHIBITED  Pv  POWDER 

METALLURGY  ALLOY  (33,  FIG.  3),  (34,  FIG.  3) 


FIG.  3.0321  EFFECT  OF  TEST  TEMPERATURE  ON 

COMPRESSION  YIELD  ST  RENGT  H FOR  AIR 
MELTED  AND  CAST  ALLOY  AND  FOP,  VACUUM 
MELTED  AND  CAST  ALLOY  (32,  FIG  4 , 5) 
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Ni 

15 

Co 

10 

Cr 

5.5 

Al 

4.7 

Ti 

3 

Mo 

0.95  V 

IN- 

100 

o 

£ 


N1-15C 
AS  CAS 

CHARP 

>-10Cr-5,  6A1-4. 7T 
T 

Y V SPECIMEN 

-3MO-0.9 

6V 

— 

COi* 

USE  GRA 

M>l/4 

IN 

IN) 

fine  f 
« 1/: 

rRAIN  ~~ 
6 IN) 

~ — 

- I | 

CHARPY  V NOTCH 

\ 

400 


800  1200  1600 
TEMP  - F 


FIG, 


3.0331  EFFECT  OF  TEMPERATURE  ON  C HARPY 
V IMPACT  ENERGY  (4,  p.12) 


0 200  400  GOO  800  1000 

TIME  - HR 

FIG,  3,0412  CREEP  CURVES  FOR  JO  COATED  ALLOY  AT  1562F. 

(16. pp.  13,121,124,125,) 


TIME  - HR 

FIG.  3,  0411  CREEP  CURVES  OF  AS  CAST  ALLOY 

AT  1662F  (10,  pp.  13,112,114.117) 


FIG.  3.0413  CREEP  CURVES  OF  AS  CAST  ALLOY 

AT  1697F  (16,  pp.  13,112,114,118) 
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i.  3.0414  CREEP  CURVES  FOR  JOCOATED  ALLOY  AT  1697F 

(1G  pp. 13,121, 124, 12G) 
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FIG,  3.0416  CREEP  CURVES  FOR  JO  COATED  ALLOY  AT  1832F 

(lG.pj).  13,  121,  124,127) 


FIG.  3.0410  CREEP  CURVES  OF  AS  CAST  ALLOY  AT  1832F. 

<16. pp.  13.  112,114,119) 
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FIG.  3.0417  ALLOY  DEVELOPER®  SUGGESTED  DESIGN  CURVES  FOR  CREED  STRAIN  AND  CREED 
RUPTURE  AT  1350F  W 


FIG,  3, 0418  ALLOY  DEVELOPER'S  SUGGESTED  DESIGN  CURVES  FOR  CREEP  STRAIN  AND  CREEP  RUPTURE 
AT  1500F  (4) 
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NONFERROUS  ALLOYS 


NiCo 


Alloy  Nl-15Cci-10Cr-r..5Al-4.7'n-3Mo-0.9!-,V(a) 

Source  (19)  pp  «,  7,  10 

Condition  Superplaatically  horged  "" 

ASTM  Grain  Size  12-14 

Solutlonlzed  at  2050F,  Stab 
Heat  Treatment:  1600F  and  1800F,  h Preei] 

Hardened  at  1200F  and  1 

lized  at 
Ration 

4 O0F 
99-A2H) 

lime  to  0.1  Percent  Creep,  hr 
Time  to  0,2  Percent  Creep,  hr 
Time  to  Rupture,  hr 
e at  Fracture,  Percent 

RA  at  Fracture,  Percent 

UiRk  1 (499-A2A) 

Disk  2 (4 

1300F 

80  kfll 

1350F 
95  ksi 

1300F 

80  ksi 

1 350F 

05  kfii 

175.5 

>233.2 

28.0 
10.  K 
15.9 

114.5 

142.5 
>143.2 

13.  9 

; 7,,i 
"12.2 

(A)  Typical  composition!  Ni-18.5Co-12.4Cr-4.98Al-'i.32Ti-3,2Mo- 


0. 78V-.  07C-.  06Zr-.  02B 
(b)  By  patented  GATOItIZING  PROCESS 

TABLE  3.0421  CHEEP  AND  CREEP  RUPTURE  PROPERTIES  OF 

SUPRRPI.ASTICALLY  FORMED  PANCAKE  FORCING 
USED  IN  FATIGUE  CRACK  GROWTH  STUDIES 


Nl-l-r»Ci 
CAS'I'  T 
GAGE  I 
AS  CAJ' 

-lOCr- 
0 1/4 
KNGT1 
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.5A1  4 
DIA  S 

. 714  - 3 Me 
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FIG.  3.0431  KEjArlON  AMONG  START  OF  THIRD 
STAGE  CREEP,  TIME  TO  1 PERCENT 
CREEP,  AND  RUPTURE  TIME  FOR  AS 
CAST  ALLOY  (lC.p.llG) 


N I - 1 r,Co  - 1 0C  r-  5 . 5 A 1 - 4 . 7'IT  -3Mo  - 0 . 05  V 1 

CAST  TO  1/4  IN  DIA  PAR  SPECIMEN  x 2 IN 
GAGE  LENGTH  JOCOATED  RY  TRW  WITH  PWA  A47 
COATING  PLUS  1;I75F,  4 II UK  IN  VAC  + UAPU) 
ARGON  QUENCH 


PKR^vJ 
CENT? 


T^WUKKl'.  1 
START  ‘'T"!- J 
Urdfc'lAUK  /‘k^V. 
CAKEP''-) 
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FIG.  3.0432  RELATION  AMONG  TIME  OF  THIRD  S’j  AGE 
CREEP.  TIME  TO  1 PERCENT  CREEP  AN1) 
RUPTURE  TIME  FOR  JOCOATED  Al.IXlY 

124) 
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140 


S3  go 
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L XII 


NI-lBCci-lllCr-5. 5A1-4. 75T1-SMO-0.  95V 
2 x 1 M x . 040  IN  SHEET 

AS  CAST  4 CODE!’  C-2  COATING  (APPROX  2 MIL) 
PARTIAL  STRIP  RY  LOCAUKF.D  GRIT  BLAST 
COMPLETE  STRIP  BY  IMMERSION  IN  SOLUTION 
OF  30V /O  IINOa  + 1 V/O  TiniCO  410-1  rou  1 HR. 

REPAIRED  RY  ItKCOATINC  WITH  VACUUM 
FIRED  SLURRY  SUP  PACK  OF  50  Cr-44  A1 

OXIDIZED  150  IIIIS,  17501*' 

TESTED  AT  1800  20  KSI 

F*i*p  OF  UNCOATED  AI.IOY  AT  18O0F  - 50.3  KSI 
F*|'Y  OF  UNCUATKD  ALl/IY  AT  1H0IIF  - 41.2  KSI 
c*(2  IN)  OF  PNCOATED  AI.I/JY  AT  lUOOF  - 
5.6  PERCENT 
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FIG.  9.0411  CHKK I’  AND  KUPTPltE  PROPERTIES  OF  AMOY 
AFTER  REPAIR  OF  OXIDATION  DAMAGE  AK1) 
MECHANICAL  DAMAGE  KFFKCTH  3G,  190) 
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NiCo 


TEMP  - F 


FIG.  3,0451  TYPICAL  CHEEP  IUU'TUHE  PROPERTIES  IN  LIFE  RANGE  FROM 
10  TO  10,000  HRS  AT  TEMPERATURES  FROM  1300  TO  2000  F (4) 
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Ni 

15  Co 
10  Cr 
5.5  Al 
4.7  Ti 
3 Mo 
0.95  V 

Tn-iocT 


50  100  200  300  500  1000  1500 

RUPTURE  TIME  - HR 

FIG.  3.0452  CREEP  RUPTURE  CURVES  FOR  AS  CAST  AI-LOY 
AT  1502 F,  1G97F,  AND  1832F  (10,  pp.13,  110  120) 


FIG.  3.0453  CREEP  RUPTURE  DATA  FOR  AS 

CAST  AI.U)V  AvS  DEI  ERMIKED  HY 
DEVELOPER  (4,  |>.  G) 


.Source 

(38) p 05 

— 

Alloy 

Ni- 

15LV-lUCr-5.  5AI-4.iTi  3Mi.-0 

. 95V 

Condition 

Ah  Cast 

2150E,  2 Mr 
Rapid  Air  Cool 

19 OOF,  24  Hr 
Rapid  Air  Cool 

2050 E,  24  Hr 
Rapid  Air  Cool 

Tested  at^ 
180-1 F,  20  ksl 
Li  fir  hrs 

31,  H 

32 

28.3 

25.9 

e,  percent 

0.9 

*>.  H 

8.5 

7.13 

RA,  per cc’ it 

8.K 

10.7 

11.5 

9.2 

(1)  AU  va'uoR  average  of  3 tesla 


TAHLK  3.  *) Mil  F E El'.C'*’  ■)¥  SEVERAL  SOI  .U1K  >N  HEAT  TREAT- 
MEN  rS  ON  ‘HIE  CREEP-RUPTURE  IJEE  AT  lttUOP, 
29  KSl 
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NONFERROUS  ALLOYS 


NiCo 


Alloy 

Source 

Condition 


Creep  Rupture 

Life,  Moure 

e|2ta>.  5.2 

percent L— _____ 

(a)  Haynes  C-9  Coating 


Ni-15Co-10Cr-5.  5M-4,  7Ti-3Mo-0.  95V 

Haynes  (1U  p 13'i  

As  Caat  (Rare  or  Coated  As  Indicated) 
22  kei  17  ksi 

1800  F 1850F 


Bare 

(a) 

Coated 

1 

Bare 

Coated  ^ 

Bare 

Coatod^' 

Bare 

Cmited 

68.4 

53.7 

122 

129 

224 

170  1 

180 

210 

5.2 

5.8 

8.  4 

6.2 

0.5 

io  I 

5. 1 1 

9.0 

TABLE  3* 0471  EFFECT  OF  COATING  ON  CREEP  HlJPTUKE  PROPERTIES  AT  STRESSES  AND 

TEMPERATURES  YIELDING  CREEP  RUPTURE  LIVES  IN  THE  RANGE  OF  50  TO  200  HOURS 


Ni 

15 

Co 

10 

Cr 

5.5 

Al 

4.7 

Ti 

3 

Mo 

| 0.95  V 

IN- 

100 

N1-15CO  l0Cr-5.5AI-4.7TI-3Mu-t>,li5V 
CAST  TO  J IN  BAR  SPECIMEN  x 2 IN  GAGE  LENGTH 
JO  COATED  BY  TRW  WITH  PWA  A 47  COATING  + 
1D75F,  4 HRS  IN  VAC  * RAPID  ARGON  QUENCH 


! Ni-15Cr-10Cf>-5.5Al-4.7TI-3Mo-0,95V 
CAST  TO  1/4  IN  DIA  BAR  SPECIMEN  x 2 IN 
GAGE  LENGTH 

JO  COATED  BY  TRW  WITH  PWA  A47  COAT- 
ING PLUS  1975F,  4 HRS  IN  VAC  + RAPID 
ARGON  QUENCH 


c,  HA  ' 

O • 1 562 1’ 
A A 1GU7K 
□ ■ 1K32F 


50  100  200  300  500  1000 

RUPTURE  TIME  - HR 

FIG.  3,0472  CREEP  RUPTURE  CURVES  FOR  JO  COATED 
ALLOY  AT  1362 F,  1697F,  AND  1832 F 

(lG.pp.  13,121,128) 


5U  1 00  2»>i)  5(»0  1000 

RUPTURE  TIME  - lilt 

FIG.  3.  »473  CORHF.IATIUN  BETWEEN  DUCTILITY  AND  Hl'l’Tnu: 

TIME  AT  15C.2F,  16*i7K.  AND  1M32P  FOU  JO  COATED 
AEI.OY  (Hi,  ui>.  13,  124) 
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Source (46)  pp  2,  3,  7,  04 


Alley Ni-lSCo-10Cr-5.  5A1-4. 7Ti-3Mo-0.  95V 


Condition 

As  Cast  + Coated  With  Two  Proprietary  Coatings 
Al-Cr-Mn  and  AEP  No.  32  (ace  Fig.  3.  0515) 

Specimen  Type 

Simulated  Airfoil,  (see  Fig 

3.0515) 

Al-Cr-Mn  Coating 

1800F,  20  ksi 

1800F,  20  ksi 

1450F,  50  ksi 

Creep  Rupture 

Life,  Ilrs. 

Spec  No. 

] 

01.6 

166.9 

27.  9 

401.7 

2 

53. 4 

141.3 

401.6 

3 

21.0 

31.  5 

4 

17.9 

5 

13.7 

6 

10. 0 

Average  (1) 

23.5 

90.6 

15.8 

27.  9 

401.7 

e(ltp> 

Percent 

Spee  Nn. 

i 

3.8 

5.2 

3.6 

5.9 

3.0 

2 

3.2 

3.  3 

4.2 

3.7 

3 

1.2 

1.3 

7.1 

4 

3.3 

5 

3.2 

a 

3.0 

Average 

3.0 

3.3 

5.0 

5.9 

3.4 

(1)  Based  on  Log^  of  Lifo  (Averages  of  Log  Life) 


TABLE  3.0474  CHEEP  IIUPTURE  LIVES  AND  ELONGATIONS  AT  1450F  AND  1800F  FOK  THir  WALL 
ALLOY  COATED  WITH  TWO  PROPRIETARY  COA1INGS 


Alloy 

Ni-lSCo  lOCr-G.  \l-i.7Ti-3Mo-0. 95V 

Source 

General  .tcctric,  (12) 

Condition 

As  Cast 

1500  K 

40  ksi 

50  ksi 

Life  with  sigma 
formation,  lira. 

907 

469 

Estimated  life,  no 

sigma  formation, 
lira. 

8000 

2000 

TABLE  3.0481  BENEFICIAL  EFFECTS  ON  CREEP  RUPTURE 
BEHAVIOR  ACHIEVED  BY  AVOIDING  SIGMA 
PHASE  PH  E Cl  PI  TATI  ON 


Source 

(24)  |»[>  3,  4.  «,  14 

Alloy 

Ni-15Co-10Cv-K. 5A1-1 . 7TI-3Mo-0. B5V  (Nominal)!1 * 

L Condition ~ Forged  and  JJent  Treated  (1) 


Test  Temp 
£r  Stress 



I.'iw  Nv  - 2.2‘J 

Medium  Nv  2.40 

High  Nv  • 2.59 

Time  to 
Rupture 
Ilrs 

••(1.25IN) 

Percent 

HA 

Percent 

Time  to 
Rupture 
Mrs 

c(].25IN) 

Percent 

It  A 

Percent 

Time  'u 
Rupture 
Ilrs 

0(1 . 351 N) 
Percent 

ltA 

Percent 

120  OF 

150  kni 

27 

15 

1,3 

_ 

- 

- 

- 

- 

- 

1 2oo  r 

90  ksi 

14,1)05 

2 

2.  5 

12,027 

:« 

2.  5 

3,  3«3 

1 

0 

1300F, 

95  ksi 

705 

2.5 

1.5 

877.5 

3 

5 

0-39 

5,  5 

7 

142  SF 

95  ksi 

19.1 

3.5 

2.5 

39.1 

7 

6 

19.4 

SI,  5 

1 1 

1G50F 

40  ksi 

1,337 

5 

1 

1 , 307 

5.  5 

r» 

310.  6 

11 

12.5 

162  fj  F 

40  ksi 

203 

- 

4 

234 

6 

4.5 

145 

8 

0.  5 

180  OF 

20  kai 

129 

- 

10.  5 



~ 5 

5 

122 

9 

9.5 

(1)  Ret*  Table  3.022  for  actual  compositions,  forging  parameters  and  beat  treatment 

(2)  Average  of  2 tegts  in  moot  eqneo 


TABLE  3.0482  CHEEP  RUPTURE  PROPERTIES  i»F  FORGED  ALLOY  IN  THREE  CONDITIONS  OK 
rilONENKSS  TO  SIGMA  PHASE  I'KKCIPITATluN 
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NiCo 


REVISED:  DECEMBER  1978 


NONFERROUS  ALLOYS 


Ni-15Co-10Cr-5.r>Al-4.7Ti-3Mo-0.9r,V<nominal: 
ACTUAL:  Ni-13.53Co-l«.2Cr-4. 99A1-4.1GT1- 

3.55M0-0.99V 

AV  ELKCTRON  VACANCY  CONCENTRATION, 
Nv  : 2.29 

CRITICAL  VALUE  OF  Nv  FOR  SIGMA  FORMA- 
TION, ACCORDING  TO  METHOD  OF 
WOODY A'J'T,  SIMS,  \ND  BEATTIE  : 2.32 
ACCORDINGLY,  ALLOY'  OF  THIS  COMPOS- 
ITION IS  NOT  EXPECTED  TO  FORM  SIGMA. 
FINE  GRAIN  ALLOY  PREPARED  BY  MOLD 
INNOCUIATION 

TEST  SPECIMEN  1/4  IN  DIA  x 1 1/4  IN  GAGE 
LENGTH  TESTED  AS  CAST 


Ni 

15 

Co 

10 

Cr 

5.5 

Al 

4.7 

Ti 

3 

Mo 

| 0.95  V] 

IN- 

100 

1400  1600  1800  2000 

TEMP  - F 

FIG.  3.04S3  CREEP  RUPTURE  CURVES  FOR  FINE  GRAIN 

ALLOY  OF  COMPOSITION  SUFFICIENTLY  LOW 
IN  AL  AND  Ti  TO  A VOID  SIGMA  PRECIPITATION 
(23,  pp.  3, 5,12) 


Ni-lOCo  JLOCr-  9.  GAM.  75TI-3MO-0.  SlGV(NOMINAL) 

ACTUAL  COMPOSITION  FOR  3 LEVELS  OF  Nv 

LOW  Nv{* . 20) t Ni  - n . OCo- 1 0. 2C r- SAM. l«Ti -3 . r.f.Mo- 0.  5>hV 
MEDIUM  Nv<2.49);  Ni-l.T .3C.o-l<>.  14Cr 9.  9AM. 29TI-3.  53Mo- ft.  90V 
HIGH  Nv(2.  Gf>):  Nl-13,:SCo-l0.12Cr-5.  6AM.(»9Ti-3. 51Mo-0.  97V 

ALL  CASTINGS  FROM  SAME  MASTER  HEAT,  ADDITIONS  OF  Al  AN1) 

Ti  MADE  DURING  CASTING  TO  ACHIEVE  DESIRED  LEVEL  OF  ELEC- 
TRON VACANCY  CONCENTRATIONS) 

AS  CAST  OR  EXPOSED  AS  SHOWN  PRIOR  TO  TEST 
TEST  SPECIMEN  \ IN  DIA  BAR  x 1.1  IN  GAGE  I,  ENG 'I  I! 

EXPOSED  1550F  FOR  TIMES  SHOWN,  TESTED  AT  40  KSI  AT  TEMP 
INDICATED 

AS  CAST 

AGED  29 v HR 

-AGED  2900  HR 


LOW  Nv(2. 29) 


MEDIUM  Nv<2,49)  HIGH  Nv(2.tif>) 


40  KM 

N 

\ 

40  KSI 

\ 

/ 

/ 

/ 

/ 

4 

40  KSI 

-S. 

S 

1900  Kioo  l7ni)  iivio  lr.nn  I7«u  15ftft  lnno  1700 

TEMP  - F 


FIG.  3.0484  CREEP  RUPTURE  CURVES  AT  40  ESI  FOR  A1.1DY  IN  'HI REE 
LEVELS  OF  ELECTRON  VACANCY  CONCENTRATION 
ACHIEVED  BY  ADDITIONS  OF  Al-Tl  T<>  A SINGLE  HEAT. 
TESTED  IN  AS  CAST  CONDITION  OR  AFTER  EXPOSURE 
AT  1990 F l;OR  290  AND  2500  HRS.  (22.0,1.1-3,10) 
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NONFERROUS  ALLOYS 


Nl-ir.Co-10Cr~r.t  IiAl-4. 7«Ti-3Mo-0,  96V(NOMlNAL) 
Nt-13. 97CO-9.  54Cr-5. 65A1-4.82TI  3.70Mo-.17C- 
. ul4H-108pj>m  02  (ACT  UAL  PM) 

Ni-15. 18CO-U.  40Cr-5.  81  Al-4.  8211-3.  0»Mo-t  39V- 
• 17BC-.01.fiB-  . 0GZr-74ppm  Qa  (ACTUAL  KM) 

I'M  POWDER  PARTICLE  SIZE:  -2f>0  TO  +44 
KM  POWDER  PARTICLE  SIZE:  '>00  TO  444 

EXTRUDED  AT  21  OOF  WITH  20:1  REDUCTION  TO 
RAll  1/2  IN  DIA  x 7 FT 

SEE  TABLE  3.025  FOR  IIT  TENSILE  PROPERTIES 
OF  ALLOYS 


10'2  11T*  1 10  100 

TIME  TO  RUPTURE  - SEC 


FIG,  3.04‘Jl  CREEP  RUPTURE  PROPERTIES  IN  VERY  SHORT 
TIME  RANGE  AT  1000  TO  2100 F FOR  EXTRUDED 
ALIX1Y  PREPARED  FROM  TWO  LOTS  OF  POWDER 
<28,  pp.Z-4  TO  Z-7,  7.-21) 
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10 

TIME 


11)2 


I0y 


m 


FIG.  3.04101  CREEP  RUPTURE  OF  AMOY  IK  HEI.IVM, HYDROGEN , 
AND  HYDROGEN /WATER  VAPOR  AT  1250F  AND  ROOD 
PSIG  PRESSURE  (20.  pp.IU-13.Vn-  13) 


Ni-lf>Co-10Cr-r>.  r,  Al-4. 7rjTi-3Mo-0.il  5V(NOM.) 
1/2  IN  IUA  HAH  x 1 IN  GAGE  LENGTH 
CAST  OR  EXTRUDED  AS  INDICATED 
SEE  TABLE  3,025  FOR  DETAILS  OF  POWDER 
COMPOSITION,  CONSOLIDATION  PARAMETERS 
AND  UT  PROPERTIES  OF  A 1,1  GY 

O CAST:  COARSE  GHAIN(>3000  MICRON) 

• CAST:  FINE  GRAIN  («*  1500  MICRON) 

D GRAIN  - COARSENED  K’M  POWDEK(l00 
MICRON) 

A KXTRUDK11  - OVERAC-F.D  NM  POWDER 
<H  MICRON) 

V EXTRUDED  - OVEllAGED  FM  POWDER 
(H  MICRON) 


1 

— 

10  JO2  1<)3 
TIME  TO  RUPTURE  - 


HR 


Alloy 

M l r>c»-U>Or-5.r»Al-l.  7Ti-3Mo-o.  i>r,v 

Source 

llavnes 

(Tuulif  inn 

As  Oast,  Tested  at  RT,  1L  H.  Moore* 

Number  of  Cycles  T"  1 'allure 
;U  *_  25  ksi,  7 0 F 

Bare 

19.  2 X 1 D1’ 

C - }•  C«>:U  inf.' 

* Bending,  K 

3l  . S X 1 I*1’  (;lv  of  5 tests) 

1 

CHEEP  RUPTURE  CURVES  AT  lHHOK  FOB  CAST 
ALLOY  OF  VARIOUS  GRAIN  SIZE,  AND  FOR 
ALLOY  EXTRUDED  FROM  P(  >\YI)KltS(2H,  p.'Z-sr.) 


TABLE  :i.or»n  effect  of  aluminum  base  coating 
ON  ROTATING  BENDING  FATIGUE 
PROPERTIUS  AT  ROOM  TEMPFRATURK 


CODE 

4212 

PAGE 

43 

©19?8,  Bclfour  Stulen,  Inc, 


NiCo 


NONFERROUS  ALLOYS 


REVISED:  DECEMBER  1978 


Ni 

15 

Co 

10 

Cr 

5.5 

Al 

4.7 

Ti 

3 

Mo 

0.95 

V 

IN-100 


4.0 

2.0 

1.0 

H 0.4 

S °-2 
g 0.1 
s- 
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o 


s 

H 

c/i 

+4 

< 

t' 

O 10 


4.0 

2.0 
1.0 

0.4 

0.2 

0.1 


1000  F 


NMSCo-XOCr-5.  5A1-4. 75T1-3MO-0. 95V 
AS  CAST  + COATED  WITH  PWA  47-14L  COATING, 
COATING  HEAT  TREAT:  1975F,  20MIN  + 1975F,  4 HR(H2) 
+ AGED  1600F,  12  HR 


^ " Ll  IN  GAGE  J 


LENGTH  OK  UNIFORM  SECTION 
1700 F 


‘S. 

Ul 

o 

10  os 

U) 

c. 

4.0  ,i 

o 

2.0  y 


0.4  ^ 


0.2  hJ 
< 

0.1  H 
O 


10  100 
CYCLES 


1000 


10,000 


FIG.  3.0512  LOW  CYCLE  FATIGUE  CHARACTERISTICS  OF  SMOOTH 
HOLLOW  SPECIMEN  WITH  ONE  INCH  GAGE  LENGTH  OF 
UNIFORM  CROSS  SECTION  AT  TEMPERATURES  FROM 
1000  TO  2000F  IN  STRAIN-CONTROLLED  CYCLING 

(1,  p.  C-8,  C-12) 


2.0 

1.0 

0.4 

0.2 

0.1 


Ni-15Co-10C r-5 . 5A1-4. 7Ti  -3  Mu-  05  V 
AS  CAST  + COATED  WITH  PWA  47-14  L 
COATING,  COATING  HEAT  TREATMENT: 
1075F,  20  MIN  -♦  1L75F,  4 HR  (Rg)  h 
AGED  lflOOF,  12  HR 


*1  1 IN  GAGE 
1.KNG1II  i)|‘ 
UNIFORM 


lia  meter 


TWO  GROUPS  1M)°  APART  OF  (»  HOLES  EACH,  HOLES 
0,030  INCH  DIAMETER  SPACED  0.120  LNCII  APART 


u_ 


1000 


10,000 


code  4212 


1 10  ion 

CYCLES 

FIG.  3.0513  LOW  CYCLE  FATIGUE  C ILMLACT ERISTICS  AT  17U0F  OF 
HOLLOW  SPECIMEN  WITH  TWO  SETS  OF  FLAGON  A L 
HOLES  (1 , p.  C’8,  C12) 
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CYC  LBS  TO  FAILURE 


FIG.  3.0514  STRAIN  RANGE  PARTITIONING  I-IFE 
RELATIONSHIFS  FOR  CART  ALLOY 
AT  1700F  (40,  p.23) 


15 

Ni 

Co 

10 

Cr 

5.5 

Al 

4.7 

Ti 

3 

Mo 

0.95 

V 

IN -100 


A.  Hoy 

Ni-loCn-lOCr-S.  SAl-4.7Ti-3Mo.  0.95V 

Source 

Haynes  (10)  p.  10 

Condition 

As  Cast,  Tested  in  Thermal  Shock  (b) 

Number  of  Cycl 
1WS0F 

eg  to  Cracking 

2100  F 

Bare 

Coat  inn  C - i) 
Coaling  C-3 

(a)  'l\vo  teats 

(b)  Airfoil  8hr 
al  test  ten 

r>uo 

4 on 

> f>00  (a) 

skipped  at  500  cycH'f 
pr*  alternated  for  00 
peraturo*  then  90  see 

2 00 

200. 

, no  cracking 
oconds  in  furnace 
mils  in  water  spray 

TABLE  3.0521  THERMAL  SHOCK  FATIGUE 

CHARACTERISTICS  OF  AIM  FOIL 
SHAPE  WITH  AND  WITHOUT 
ALUMINUM  BASK  COATING 


FIG.  3.0522  THRU  MAI.  FATIGUE  RESISTANCE  OF  SQUARE 
riATK  ILMTDJ.Y  HEATED  AND  COOLED  AT 
PERIPHERY  OF  CENTRAL  HOLE,  AND  COM- 
PARISON WITH  THERMAL  FATIGUE  RESISTANCE 
OF  OTHER  COMMONLY  USED  CAS']  ALLOYS 

(3i).  p.  ir.) 


fig.  o.omr.  axial  fatigue  at  lcr.or  of  simulated  hollow 
AIRFOIIaS  coated  with  PROPRIETARY  COATINGS 

(40,  pp.  7,H3,N4) 
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Ni 

15 

Co 

10 

Cr 

5.5 

Al 

4.7 

Ti 

3 

Mo 

0.95 

V 

IN-100 


| NX  183  DB4RT-1A  COAT 

— 

NASA  TAX -8 A DS 

! 

NX  188  DS 

r 

MAU-M  200  DS 

tj 

IN  100  DS  HJOCOAT 

IN  100  DS 

[ NASA  WAX, -20  DS-hlOCOAT 

~r 

H 1.90041  If -UOCO  AT 

j 

H 1900  4 JOCOAT 

Ni-XOCo-lOCr-S.  5A1-4. 7Ti-3Mo-0. 95V 

CAST  + JOCOAT(ALUMIN£DE  COATING)  2100F,  2 HR+ 

1700  F,  10  HR 

OR  Dill KCTfON  A I .1  ,Y  SOIJDIFIED<D*S)  OR  DS-MOCOAT 
(2X0UF,  2 HU+1700F,  10  HR) 

C MIN  CYCLES  IN  FLUIDIZED  BEDS, 

3 MIN  AT  1390  F 
3 MIN  AT  GOOF 

-I 


NASA  TA7-8A  DS+RT-XP  COAT 


MAR  M200  DS-iNICrAlY  OVERLAY 


NASA  TAZ-BA  DS-tNiCrAlY  OVERT  AY 


NASA  TAZ-8A 


NX  188-HIT-1A  COAT] 


IN'  lOQ-t-jOCOAT 


MAH  M003 


NX  188 


NASA  VI- A 


NASA  WAZ-20 


HEN'S  80 


IN  738 


HI3II 


MAU-M  3 1)2 


wi  r,2 


=r 


-hJOCOAT 


/I 


11 

. 024  IN  RAD 


_L 


SEE  FIGS.  3.03122  AND 
3.03123  FUR  I'ROFEKJLIES 

of  as  cast  alloy 


mar- m 2«0  [HJOCOAT 


MAR  - M 200 

u 700  wrought 


100  1000  10,000 

CYCLES  TO  FIRST  CRACK 


100,000 


FIG.  3.0523  THERMAL  FATIGUE  CRACK  INITIATION  OF  AS  CAST 

OH  directionally  solidified  alloy  with  and 

WITHOUT  JOCOAT  TESTED  IN  ALTERNATE  FLUIDIZED 
BEDS  AT  1090  AND  GOOF.  (31,  pp.  17,19,24) 


Ni-15Co-10Cr-r>.  r,Al-1 . 7'J'i-  3MO-0.  95V 
CAST  h JOCOAT  (AM  •MINIDE  COATING)  OR 
DIRECTIONALLY  SOLIDIFIED  (DS)  OR  1>S 
■hlOCOAT 

21  OOF.  2 HR  I 1700 F.ltilllt 
TEST  FI  U N FI  .lH )I7  El ) BEDS 
3 MIN  AT  1‘JOOF  FOLLOWED  UY  3 MIN  AT  000 F 
OR  3 MIN  AT?.»CGF,  FOLLOWED  IlY  3 MIN  AT 
(575 F 

SEE  FIG.  3.0523  FOR  SPECIMEN  SKETCH 


10  100  K.100 

CYCLES  IX)  FIRST  CRACK 


FIG,  3.0524  THERMAL  FATIGUE  CRACK  INITIATION  OF 
AS  CAST  OH  DIRECTIoNAU  V SOI  IDIFIED 
ALLOY  WITH  AND  WITHOUT  JoCoAT  TESTED 
IN  ALTERNATE  Fl.HMXKD  HKDS  AT  TWO 
SETS  OF  TKMl’ERATl  KES(3J  ,p|>.  17-19,25) 


UYULK  TIME  - MIN 


FIG. 


3.  (1525 


EFFECT  OF  CYCLE  TIME  « »N  THFKMM  FATIGUE 
CRACKING  nK  UoATKl*  AND  1'NUoATKD  WEDGES 
A l/l  KHNATI  EY  IMMERSED  IN  l'l  l II )I7 ED  HKDS 
AT  r.m»F  AND  lW'OF  (-Is,  ji.  o54) 
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Source 

(10)  M>  - 

, 3,  42,  44 

Alloy 

Ni-loCu- 

lOCr-G  5A1- 

. 7Ti-3Mo-0.95V  ! 

Condition 

Coated  with  Al-Cr-Mu  or  AEB  No.  32 
Fig.  3. 0515  for  Coating  Tvatincnt 

s:  f 

Specimen  Type 

Cast  simulated  hollow 

air  toil,  see  rig 

3.0515  j 

Mean  tensile  stress  of  10.  5 

. 2050?’  -i  Hi  see.  cooling  will 

Conditions  ...  .... 

fai.  40  see.  at  | 

RT  air.  Specimen  inspect- 

Specimen 

Cycles  to  Fatigue  Crack  f 

Coating 

Comparison  with  best  and 
worst  alloys  letted 

Best 

Worst. 

Number 

Al-Cr-Mn 

AEP  No.  32 

AEP  No.  32  on 
NASA  VI -A 

JoCnnt  on 
U-700 

1 

4808 

4090 

{>556 

628 

2 

3080 

3545 

8130 

440 

3 

1930 

1979 

K1  30 

340 

4 

1 04  0 

1077 

791 8 

260 

5 

3 3-17 

1300 

704  M 

230 

6 

1405 

983 

(>250 

21(' 

7 

585 

801 

21)10 

170 

Av.  b:»soti  on 
Log.  cycles  to 
failure 

1834 

1807 

0406 

296 

Ni 

15 

Co 

10 

Cr 

5.5 

Ai 

4.7 

Ti 

3 

Mo 

0.95  V 

IN- 

100 

TABLE  3.0528  THERMAL  FA TKH1K  OF  'll IINWAl.L  ALLOY 
WVY1I  TWO  PROPRIETARY  COA  TINGS 
SUBJECTED  '1X110.5  KSI  TENSILE  MEAN 
STRESS  AND  ,fX)  TKMPERAT"RK  CYCUNG 
FROM  20501’ , 


MAX  TEMP  - V 

HG.  3,0526  EFFECT  OF  MAXIMUM  CYCLE  TEMPERATURE  ON 
THERMAL  FATIGUE  CRACKING  OF  COATED  AND 
UNCOATED  AIRFOILS  SIMULATING  TURBINE  BLADES 
SUBJECTED  TO  MACH  I GAS  FLOW  FOLLOWED  BY 
HA  HIT)  AIR  JET  COOLING  (4b,  p.  655) 


u 

K 

W 

F4  10 


*S|S 

j. 

H 

3 

P 

6 i 

ds 

O 

\£, 

U 

3 


U nr4 


Nl-lBCo-10Cr-S.  5Al-4.7Ti-3Mo-0. 95V 
CAS']'  WEDGE  SPECIMEN.  SEE  FIG.  3.0020 
CAST  -*  2100 F,  2 HRS  4 1Y00F,  10  HRS. 

AS  HT  OH  COATED  WITH  COMMERCIAL 
COATING  (JO  COAT)  TESTED  IN  FLUID- 
IZED BEDS.  3 MIN  AT  600F,  3 MIN  AT  1‘JttOF 

CRACK  GHOV’TIl  RATE  REFERS  IX)  AREA  GROWTH 


AT  ICDGE  OI'  WEDGE 

HAVING  INITIAL  RADIUS  OF 

. 024  IN 

X 

SEE  FIG. 

3.0523 

u 

s 

o 

\ 

■ 

3 1000 

a 

u 

rr; 

H 

o loo 

0s 

• 

H 

U 

r'. 

• 

H 10 

Ti  ° 

\ 

MG 

N1-15CO  mo-  5. o A 1-1. 7Ti-3Mo-0.i)5V 
AS  CAS  l ALLOY  MACHINED  TO  \\  EDGE  BAR 
AS  SHOWN  IN  FIG.  3,0520 

COATED  WITH  ALLOYS  SHOWN  IN  MG.  2.03121 
TESTED  IN  MACII  1 JET  AT  2IMUF  FOR  CYCLES 
CONSISTING  OI-  1 HR  AT  TEMP  4 COOL  TO  RT 
IN  3 MIN. 

THERMAL  CRACKING  OBSERVED  IN  COATING 
AFTER  TIMES  SHOWN  IN  MG.  2.03121 
CORRELATION  OF  POINTS  OF  THERMAL 
CRACKING  WITH  SLOPE  PARAMETER  DEFINED 
IN  SKETCH  BEU*\Y 


-4 

O S 


o I 

§ I 


A , POINT  OF  MAX  WEIGHT  GAIN 

THERMAL  FATICl’K 
CRACK  OBSERVED 

! J POINT  OF  RETURN 

TIML.tl  t2  \!  TO  ORIGINAL 

UR  X WEIGHT  12^21 

S1/)PK  PARAMK'l  EH  SLOPE  OF  AH 
= _MAX  WEICin  GAIN  AT  POINT  A 

MG /HR 


SCATTER HAND 
I »E  COR  HE  lation 
INCLUDING  RESULTS 
OF  ANOTHER  Al.IJiY 
(NASA  TRW  VIA) 
HARE  ALLOY 


SEE  Fifi.  2.0212) 

.’°U  AC'I  UAL  PIS  v 

OF  THERM  \L  CRACK 

-j 1 


11‘  Id2  rn3  in4 

CYCLES  TO  FIRST  CRj\GK  IN  UNCOATKD  ALLOY 


, In  ] . o -in  1 ' hi 
SLOPE  PARAMETER  MG  PER  IIU 

CORRELATION  «'l-  LIME  T«>  lMTlATl.  '1  DERMAL 
CM  AC  KIM  i \M'|  li  WEIGHT  GAIN  SlOl’E  PARAMETER 
1’oR  ALLOY  COATED  IN  VARIOUS  W AYS(  L»,pp.  14,1:,) 


RELATION  BETWEEN  CRACK  GROWTH  RATE  AND 
RESISTANCE  TO  INITIAL  CRACK R C IN  THERMAL 
CYC  I INC,  (5 1 . TABLE  U,  FIG.  9) 
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Ni 

15 

Co 

10 

Cr 

5.5 

Al 

4.7 

Ti 

3 

Mo 

0.95 

V 

Ni-15Co-10Cr-5. 5A1-4. 7Ti-3Mo  0.  95V 
WROUGHT  BARS  PREBARED  FROM  PREALLOYED 
POWDERS 

SOLIITIONED  AT  2050F,  STABILIZED  AT  1G00F  AND 
1800F,  PRECIPITATION  HARDENED  AT  J.200F  AND  1400F 


AT  X2U0K 


FrU  “ 230  KSI 
P-1Y  = 142  KSI 
<•  = 24  PERCENT 

RA  - 25  PERCENT 


1200F 

0.3'*  Hz  ! 

CONTINUOUS  CYCLING,’ 
ZERO  MEAN  STRAIN 


r^r 

Mtfl 

9 

v 

0.80 

RCENT 

— — | 

\/ 

r 

CYCLES 


Nl-lftCn-lOCr-5  5A1-4.  7TI-3Mc»-0.  II5V 
WROUGHT  BARS  PREPARED  FROM  PKE- 
ALIX)YED  POWDERS 
SOLUTION  ED  AT  2050]-',  STABILIZED  AT 
1G00F  AND  IttOOF,  PRECIPITATION  HARD- 
ENED AT  12 DDF  AND  14 OOF 
AT  12  DOF  l'TU“230KSI 
FTy  - 142  KSI 

c - 2-1  PERCENT 

, — RA  »-  25  PERCENT  


SEE  FIG.  3,0534  FOR  PATTERN  OF  STRESS 
VARIATION  DURING  'J  EST  AT  EACH 
STHA  IN  JIANG  E T"  " 

Q>  2|^- CONTINUOUS  CYCLING 


\ 


Ifl  MIN  DWELL 
AT  MAX  STRAIN 


J L 


-L_L 


1200  F 


J L 


102 


CYCLES  TO  IX>AD  DROP 


FIG.  3.0533  LOW  CYCLE  FATIGUE  AT  J2O0F  OF  POWDER 

METALLURGY  BARS  PREPARED  by  l’RA'JT  AND 
WfJITNFY  AIRCRAFT  GATOKlZING.,,  PROCESS 
DATA  PDIN  IS  REPRESENT  CYCLES  TO  5 
PERCENT  LOAD  DROP  (37,  FIG.  14) 


FIG.  3.0531  STRESS  RANGE  VARIATION  DURING  IX)W  CYCLE 

FATIGUE  TESTS  AT  1200F  OF  POWDER  METALLURGY 
BARS  PREPARED  BY  TRATT  AND  WHITNEY  GATOR - 
IZING  PROCESS  <37,  FIG.  G) 


H 

2.0 


1.6 


O 1.2 

Y> 


0 


Ni-15Co-10C  r-8. 5AI-4, 7Ti-3Mo-0.  *J5V 
WROUGHT  BARS  PREPARED  FROM  PRE- 
ALLOY ED  POWDERS 
SOLUTIONED  AT  20G0F,  STABILIZED  AT 
1G00F  AND  1B00F,  PRECIPITATION  HARD- 
ENED At  1200F  AND  HOOF 
AT  12 00F  FTU  ~ 230  KSI 
FTY  c 142  KSI 

e -24  PERCENT 


RA  - 2 

5 PERCENT 

com 

IN  IK  ) LIS  CYC 
0.33  Hz—.  ' 

LING 

15  MIN  DW 

AT  MAX  S3 

FLL 

’RAIN 

_J L-j 

i-i. 

12C 

1 1 

OF 

— I L- 

ID2  2 


10a 


10® 


CYCLES  to  FAILURE 


FIG,  3.0532  IOW  CYCLE  FATIGUE  AT  12M>F  OF  POWDER 

METALLURGY  UAHS  PREPARED  BY  PRATT  AND 
WHITNEY  GA'rORIZINC.,wPROCESS.  DATA  l’OIN  /S 
REPRESENT  CYCLES  TO  COMPLETE  FRACTURE 
<37,  FIG.  15) 


OS  < 
w * 

PU 
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to 

.-J 
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O 


1 


Ni-15Co  lOCr-5.OAl-4.7Tl  3Mi>  n,!»5V 
COMPRESSOR  DISK  FROM  I"  - l2*h  STMiJ-  OF 
F100/F  401  ENGINE,  Al'J'ROX  17  JN  DI.\ 
PRODUCED  FROM  "ALl.-lNKR*!  ” 1>C >W1  >I-:i{  BY 
PRATT  AND  WHITNEY  AIRCRAFT  GATOKIZING 
PROCESS 

HEAT  TREATED  BY  MODI KRWJ’R  >N  OF  l»\SA 
1028  SPECIFICATIONS 

SEE  FIG.  4.11  FOR  ‘J  KNSII.I.  I'RnPEIlT IKS  OF 
ALLOY  FROM  COM  PRESSOR  DISK 


lSWIF  CYCLING  FROM  ZERO  ‘JO  MAX  S'JRAIN 
CONTINUOUS  CYCLING.  FR  E'.,T  !\  NU  V ,\OT 
SPECIFIED 


50  101.1  ;;  r.  Hr’  Z 5 in* 


CYCLES  T* ) FAILURE 


FIG.  3.0534  LOW  CYCLE  FATIGUE  A’l  JSnnl-  OF  SPECIMEN 

FROM  POWDER  METALLURGY  COMPRESSOR  DISK 

(3«i,  FIG,  3) 
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Ni-inOo-luCr-5. 5Al-4.7Ti-3Mo-Q.  95V 
POWDER  METALLURGY  TURDINE  DISK  AN1) 
l-’LAT  DISK  FORGING  PRODUCED  BY  1*WA 
GATOIUZING,.  FORGING  PROCESS,  WITH  T1IK 
FOLLOWING  TENSILE  PROPERTIES: 

HT;  FtU  “ 230  KSI,  F^Y  ~ 141  KSI,  e = 24 
PERCENT,  RA  24  PERCENT 
120UF:  FtU  ” 1S5  KSI,  F*j-y  ■ 142  KSI,  i*  - 
24  PERCENT,  HA  25  PERCENT 
1350F-  F-j  u - 160  KSI,  l-'j'Y  LI 7 KSI,  c *- 
19  PERCENT,  RA*  23  PERCENT 

, TESTED  USING  WOL  SPECIMEN  AS  SHOWN 


Ni 

15 

CO 

10 

Cr 

5.5 

Al 

4.7 

Ti 

3 

Mo 

j 0.95  V 

IN- 

100 

- 3, 20  *■ 


THICKNESS  - 0.50 


NF10Co-10Cr-5.5Al-4.7Tl  3 Mo  -O.llOV 
SCATTER  RAND  SHOWN  FROM  COMPACT 
SPEC.,  FIG.  3.0541.  NET  SECTION  STRESS 
APPROX  2U  KSI.  SELECTED  DATA  POINTS 
(NOT  ALL  SHOWN,  RUT  ALL  FALL  WITHIN 
SCATTER  HAND)  FROM  CENTER  CRACK 
SPEC.,  SHOWN  RE I.OW,  HAVING  APPROX 
100  KSI  NET  SLU  AION  STRESS 

I o NET  = 100  KSI 


“MAX  • KMVTN 

1,0541  BASIC  CRACK  GROWTH  CURVES  AT  HT,  1200F, 
1350F,  FOR  CONSTANT  AMPLITUDE  IX JADING 
OF  WOL  SPECIMEN  (40,  TABLE  1,  FIGS.1  3) 


. 125  IN 
THICKNESS 


12«'0  ¥ 

R ».  1 

2 1 «•  10  CPM 


SCATTER  BAND  OF 
y DATA  FOR  COMPACT 
/ 'I  I NS  ILK  S 1 ’ EC  T M EN 
/ (FIG.  3,0541)  WITH 
( LOW  NET  SECTION 
STRESS  , 


GRATA  POINTS  FOR  CLNTI-R  CRACK 
SPEC.  OF  HIGH  NET  SECTION  STRESS 
(1  nf,,  7 KSI)  ABOVE  v AT  12<i0F 


J 2 b ln  2 1 100  z ° 1000 

ak  - km  Tin 

FIG.  3,0542  EFFECT  OF  NET  SECTION  STRESS  ON 
CRACK  GROWTH  RATE  AT  l.'.oOF 

(20,  jip,  4,5,  (i,  K,  17) 
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K - KSI'/IN 

FIG.  3.0043  EFFECT  OF  TEMPERATURE  AND  SPECIMEN 
THICKNESS  ON  SUSTAINED  LOAD  CRACK 
PROPAGATION  RATE.  (20,  pp. 4, 8, 13) 


FC«.  3,0014  EFFECT  OF  SPECIMEN  *]  1 UC  KNKSS  < IN 

CRACK  OHDWTH  PATE  A'r  KT.(2o,  |>1>.  4 ,'K,  *-») 
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FIG  3 0M5  EFFECT  OF  FREQUENCY  ON  CRACK  GROWTH 
RATE  IN  CONTINUOUS  CYC  UNO  AT  1ZC0F 
(20, pp.  4,5,6,8,25) 
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FIG.  3.054G  EFFECT  OF  TEMPERATURE  ON  CIlACK 
GROWTH  RATE  AT  10  CPM,  U - 0.1 

(20.  n».  4, 5t  6,8,28) 
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AK  - KSIyIn 


FIG.  ». 0547  EFFECT  OF  STRESS  RATIO  ON  CRACK 
GROWTH  RATE  AT  1200F,  10  CPM 

(20,  pi).  4,5,6,8,20) 


FIG.  3.0540  EFFECT  OF  SPECIMEN  THICKNESS  ON  CRACK 
GROWTH  RATE  AT  12IH>  y CONTINIOUS 
CYCLING  AT  JO  CPM  (20,  pp.4,^,11) 


AK  - KSl/fN 


FIG  3.0548  EFFECT  OF  STRESS  RATIO  ON  CRACK 
GROWTH  HA  LE  AT  1200F.  20  CPS. 

(20,  )ip.4,r>,G,Hf  27) 


FIG.  3.u.ir,l  CRACK  GROWTH  A’j  J2uii)  l NDEH  (’( >NTIM  ( H/S 
CYC  I C.C  AKUWTIH  5n  PERCENT  OVKUUiAI  > 
EVERY  r>,  2d,  OK  -in  (’YC  I.KS(2»t  p|i.4,r.t  4x) 
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FIG.  3.0SQ2  CRACK  GROWTH  AT  120111-'  UNDER  CONTINUOUS 

CYCLING  AND  WITH  20  PERCENT  OR  00  PERCENT 
OVERLOADS  EVERY  21  CYCLES  (2n,lip.4,  D,  6,47) 


Ni 

15 

Co 

10 

Cr 

5.5 

Al 

4.7 

Ti 

3 

Mo 

0.95  V 

IN- 

100 

I'Ri,  :i.iior,:i  crack  growth  at  120111-  under  sustained 

LOAD  AND  WITH  2.',  l’EHCKNl  OR  ft!)  PERCENT 
OVKRIOADS  EVERY  2 MINUTES <20,  )i),. 4. 0,41, 43) 
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FlG«  3.0501  EFFECT  Ol1'  Mi'l  Sf-CHON  STRESS  ON  CliACIv 
GKOWTH  RATE  FUR  2 MINUTE  DWELL  AT 
PEAK  STRESS  AT  1200  F (20,^1,4,5,6,8,18) 


A K KSI-OK 

FIG.  3.  0562  EFFECT  OF  SPECIMEN  THICKNESS  ON  CRACK 
GIW>\Y'I  II  HATE  AT  1200  F.  2 MIN  DWELL  AT 
MAX  LOAD,  111  CRM  DI'HING  VAKIADLE  STRESS 
V KIUOl  > (20,  jip,  4 , fi . 1 2> 


fig,  2.  or,t»:{  effect  of  dwell  time  at  peak 

STRESS  ON  CRACK  GROWTH  RATE 
AT  12 1*0 K,  H - U.l, 

(20.  i>k  4, 5,6,8, 92) 
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FIG.  3.05(14  CRACK  GROWTH  AT  1350F  AT  CONTINUOUS 
f!VC UNO.  OH  won  25  AND  50  PERCENT 
OVERLOAD,  OR  WITH  2 MIN  DWEU.  AT  THE 
00  PERCENT  OVERLOAD  CONDITION 

(20,  pp* 4, 5,54,55) 
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FIG.  3.  05 Or,  INTERACTION  OF  I«\V  CYCLE  FATIGUE 

WITH  l)W  EH,  PERIODS  AT  MAX  IX)AD  FOR 
TESTS  AT  12011 F.  U • 0.1  (20. iv.  4,0,7,33.34) 
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Cr 

5.5 

Al 

4.7 

Ti 

3 

Mo 

0.95  V 

IN- 

too 

Ni-15Co-10Cl’-R.  5AH.  7Ti-3Mo-0.  U5V 

COMPACT  TENSION  SPECIMEN , SEE 
1'IG.  3.  0541 


• 1 MISSION  CYCLE - 

“N  CYCLES-*-!  I 2 MIN  DWELL 


40  CYC l.ES 
Hi  JO  CI*M 
2 MIN  DWELL/ 


20  CYCLES 
‘W  10  CPM  4 
2 MIN  DWELL 


10  CYCLES 
"(<i  10  CPM  h 
2 MIN  DWELL 


BASELINE 
10  CPM 


1 2 5 10  2 5 100  2 5 1000 
&K  - KSIv'lN 

FIG.  3,0566  INTERACTION  OK  IX)W  CYCLE  FATIGUE 

WITH  riWET.L  PERIODS  AT  MAX  LOAD  FOR 
TESTS  AT1350F,  U -•  0.1(20, pp.4, 0,7.33, 3.r>) 


Ni-ir>Co-l  DCr-5.5AL4.7Ti  -3Mo  - 0 . HR  V 
POWDER  METALLURGY  WOL  SPECIMEN 
FROM  TimRTNK  DISK  AS  DESCRIBED  IN 
FIG.  3.0541 


Kol  (SINGLE  OVERLOAD) 

W W&l , 

, ' RESUMPTION 
k)ELAY  CYCLES^/^-qf  CRACK 
OVERLOAD  GROWTH 

' INITIAL  CRACK  GROWTH  PRIOR 

TO"  OVERLOAD 


1.0  1.2  1.6  2,0  2.4 

Koi  /Knmx 

FIG.  3.0571  DEI  AY  CYCLES  PRIOR  T<>  RESUMPTION  OF 

basic  crack  growth  after  single  cycle 

OF  OVERLOAD.  BASELINE  Ktnax  = 23.2  KSIv'Tn* 
(40,  FIGS. 2,4) 
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H 


12U 

100 

80 


N1  ~3  r»Co“10Cr-5. 5A1-  4 , 75Ti-3Mo  0.95V 

/S  CAST  h 1G00F,  12  HR,  AC 

i'.  180  IN  DIA  MIN  SECTION,  AS  SHOWN 

, IP  1 

IMKdlfli 

1- 

.180 

_ J 

AXIAL 

R = 0. 1 

T - 1250F 

0 HEIJUM  ^ r 
• HYDROGEN  f ° 

000  I'SIG 

10  102  10*  10*  ioB  106 

CYCLES  TO  FAILURE 

FIG,  3. or, 82  HIGH  CYUL.E  aXIAL  FATIGUE  IN  RICH 
PRESSURE  HYDROGEN  AND  IIEUUM 
AT  1250F  (20,  pp.UMO,  IV-4, 


Ni 

15 

Co 

10 

Cr 

5.5 

Al 

4.7 

Ti 

3 

Mo 

| 0.95  V 

IN- 

100 

PIG,  3.0072  DEI  AY  CYCLES  PRIOR  TO  RESUMPTION  OF 

BASIC  CRACK  GROWTH  AFTER  SINGLE  CYCLE 
OVERLOAD.  RASE  LINE  Kmux  * 35.2  KKI  ^IN 
(40,  FIGS.  2,3) 


EUL  3 It: i hi  LOW  CYCLE  FATIGUE  A1  J25i»F  IN 
IIIC.H  PRESSURE  HYDROGEN  AND 
HELIUM  (20,  tt.V-U.17) 


w 

O 

3 10 
£ 

i;  c 


Ni-15Co-G.RAl-4.75Ti-3Mo-0.W5V 
AS  CAST  HOLLOW  TURUIAU  SPECIMENS 
APPROX.  0,45  IN  OD,  0.3!)  IN  ID 
INTERNALLY  HEATED  BY  G LOBAR  HEATING 
ELEMENT 

TESTED  AT  1700F 


Npc 


|6i:|JC=0.  0 53  (Nppf  ‘ ' 

— J 1— L 


3.0.M41  1NE1ASTIC  -STRAIN  RANGE  VS.  LOW-CYCLE 

FATIGUE  LIFE  FOR  EACH  CAUTION  ED  STRAIN 
RANGE  COMPONENT  FOR  AS-CAST  TRINWALL 
IT1  BING  AT  1700F 

(4tt,p.23),  (53, p,  4 & FIG.  t>) 
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FIG,  3.05142  STRAINRANGK  CAUTIONING  UKK  RELATIONSHIPS 
AT  1652 !■’  AND  1«32F  FOR  AS-CAST  ALUMINUM- 
COATKD  A LLOY  (54 , pp.  4-10) 


N'l - 1 r.Co-  5.  f, Al - 4 . 7STI  8 Mo  0.  |15  V 
HOUR-GLASS  SPECIMEN  0.20  IN  DIA  AT  MIN 
SECT.  1.6  IN  HOUR- G IASS  RAI),  3 IN  LENGTH 
CIH'  FROM  CREEP-FORMED  (UATOR1/.KD  ) 
DISK 

SOLUTION  ED  AT  2C5UF,  STABILIZED  AT  15«0F 
AND  1HU0F,  PRECIPITATION  HARDENED  AT 
120UF  AND  HOOF 

TESTED  AT  1400 F 


CYCLES  IX)  FAILURE 


FIG,  3.05143  INELASTIC  S'HIA INRANGE  VS  U)W  CYCl.E 
FATIGUE  LIFE  FOR  EACH  PARTITIONED 
ST  RAI  NUANCE  COMPONENT  AT  1400F. 
SPECIMENS  FROM  CREEP- FORMED  (GATOR- 
17. ED., M ) TURBINE  DISK  (53,ii.4  & FIG, S) 


£ 1 
c2 


o "* 

H 


Ki  15Co-l0Cr  -5.  GAL -4.  711  3Mo-  (>.  1)5 V 
WROUGHT  bars  prepared  FROM 
PRKALU)YKO  POWDERS 

SOl.imONEI)  AT  2H50 F,  STABlliZED  AT  1600F 
AND  1S0HF,  PRECIPITATION  HARDENED  AT 
1200  AND  1400 F 


AT  120OF  F'jrU  = 200  KSI 
F'J’Y  - 1511.5  KSI 
i>  r 22  PERCENT 
R\  25  PERCENT 


STRESS  FOR 

CREEP-RUPTURE 

LIFE: 

10U11R-147. 1)  KSI 
1000HR«127.e  KSI 


— 1 1 ' 1 ”“! 1 

TENSILE  STRESS- IIO I. D 


- — - STRESS 


STRAIN 

I _i I J ..J 

— TOT  AL  STRAIN  RANGE 


5 — r ■ ■ i -n  — i - 

TENSILE  STRAIN-HOLD 


| = T»  57  A 1 

-j STRAIN 

LANGE 


T-  ' f 

HIGH  RATE  STRAIN 


. H 

k^7  TZ  . !■”.  l 


•r>  j i)U  2 6 m3  2 ■'  1)>4  ■ 

CYCLES  lx)  FAILURE 


° 1 


FIG.  3. 0..I44  TOTAL  STRAIN  RANGE  VS  LOW- CYCLE 
FATIGUE  LIFE  AT  120OF  OF  POWDER 
METALLURGY  BARS  prepared  by 
PRATT  &•  WHITNEY  GA  TO  III/,  I NG , M 
PROCESS  AND  TESTED  UNDER  RAPID 
STRAIN  CYC  UNO,  TENSILE  STRESS- 
HOLD,  AND  TENSILE  STRAIN -HOLD. 

(52) 
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PIU.  3.05145  INELASTIC  STRATNRANGE  VS  LOW  CYCLE 
KATICUE  LIFE  -AT  IJOilE  OF  POWDER 
METALLURGY  BARS  PREPARED  BY  PRATT 
AND  WHITNEY  C.AT0RI21NGtmPR0CESS  AND 
TESTED  UNDER  RAPID  STRAIN  CYCI1NG, 
TENSILE  STRESS-HOLD,  AND  TENSILE 
STHA  IN-HOLD.  *5Z> 
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IN- 

100 

ETC.  S.OG'i  DYNAMIC  MODULUS  Op  ELASTICITY 


(3,;j.tl,l,pC-7) 


(D>,  R.  114) 
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SN-100 


240 


40 


20 


o 


0 


Ni-lfiCo-l 
COM  DUES 
FUK1./F40] 
PRODUCE. 
PllATT  Al 
HEAT  TK 

102b  spec 

UCr-H.  5A1-4 
SOU  DISK  FI 
ENGINE  AP 
D FROM  "A  I 
W WHITNEY 
SATED  BY  M 

ifications 

7Ti-3Mo-l>. 
OM  10  - 12u 
PUOX  17  IN 
A.  INERT"  l'( 
GATOR  17.  INC 
ODIKICAFIO 

JSV 

STAGE  OF 
)£A 

AVDEII  BY 
^..PROCESS 

S'  OF  l’WA 

S 

^ — 

O 

O 

/A 

0 400  800  1200  ItiOO 


TEMP  - E 


FIG.  4.11  MECHANICAL  PROPERTIES  FROM  HT  TO  1300F 
Op- SPECIMENS  FROM  Till:  in  - 12lh  STACK 
COMPRESSOR  OF  F100/F4U1  ENGINE 

(3C>,  Fig.  2) 


Source 

(17)  | iu  30,  H3 

Alloy 

N » - 1 r.Co - 1 II C l -.r}.  r.  A 1 -1 , 7 Ti  -3  I\Ui  0 . 5)5  V 

Conditio  ti 

As  Cast  and  Machined  To  Fir  Tree  Specimen  As  Shown 

Test  Temperature 

RT 

Specimen 

/ 

Fir  Tree  Attachment  Loaded  with  Mating 

/A  / 

Waspallov  Fcnial'*  Fixture.  Failure  in 

IN  1U0  Across  <).](!  IN  Dimension  As 

rj^  t 

Shown,  IX'pth  0.  til  IN 

loading 

( 

!•’  of  Alloy  115  KSI 
— - tu 

AXLS 

V^\  1 

\ L 

V/h 

FAILURE  SECTION 

Specimen  No. 

Nominal  Slicsu  At  F;ii!m\*  KSJ 

1 

1 3K.  r> 

2 

1 3U.  0 

TABLE  4,12  ROOM  TEMPERATURE  TENSILE  STRENGTH  *- > F Kill  THEE  SIMULATING 
TURBINE  BLADE  ATTACHMENT 
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Ni -lSCn  10Cr-5.  HA1-4. 71i-3Mo-0.  i»nv 
AS  CAST  ^ MACHINED  TO  FIR  TREE  SHAPE 
AS  SHOWN 

LOADED  IN  TENSION  BY  MATING  WASPALOY 
FIXTURE 


- 

Ni 

15 

Co 

10 

Cr 

5.5 

At 

4.7 

Ti 

3 

Mo 

0.95  V | 

IN- 

100 

FAILURE  SECTION 


ALI.-  STRESS  2S  C A LODI  ATEI)  FROM  LOAD 
AND  FAILURE  SECTION,  NO  STRESS  CON- 
CENTRATION rACTOR  APPUED. 


w 11)0  I 


TESTED  AT 
1400  V 


y 10  100  lf'00 

LIFE  - HRS 

FIG.  4.10  CREEP  RUPTURE  AT  14U0F  OF  FIR  TREE 

SIMULATING  TURBINE  BLADE  ATTACHMENT 
(47, pp.  31,107) 


<pH9 7B,  Belfour  Stulnn,  life. 
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Ns 

15 

Co 

10 

Cr 

5.5 

Al 

4.7 

Ta 

3 

Mol 

0.95  V 

IN- 

100 

Source 

(47)  pp  32,  83 

Alloy 

Ni-15Co~10Cr-5.  5A1-4.  7Tl-3Mo-0. 95V 

Condition 

As  Cast  and  Machined  To  Fir  Tree  Specimen  As  Shown 

Teat  Temperature 

RT 

< 

0,  K. 

'\  -L. 

Specimen  Loaded  In  Tension  i Vibratory  Bending 
Moment.  Stresses  shown  are  nominal  stresses 
across  failure  section  (no  correction  for  stress 
concentration)  ^ bending  stress  at  outer  fibers 
of  failure  section. 

FAILURE  SECTION 

Static  Stress, 

ksi 

Alternating  Stress,  ksi 

Cycles  tu  Failure^1  * 

20 

20 

20 

25 

15 


15 

30 


5 for  10°  cycles  + 10  for  10°  cycles 
+ 15  to  failure 

5 for  10^  cycles  + 10  for  10u  cycles 
+ 15  to  failure 


3.1  x 101’ 
8.7  x 105 
3.H  x 1011 

2.04  x 10° 
D.'i  X II)'1 


(1)  If  failure  did  not  occur  in  10"  cycles,  alternating  stress  was  increased  for  an  additional  10*'  cycles  , 
if  necessary.  If  failure  still  did  not  occur  in  10*’,  alternating  stress  was  again  increased.  Failure 
cycles  shown  arc  at  the  last  alternating  stress  shown. 

TABLE  4.14  FATIGUE  AT  RT  UNDER  COMBINED  STATIC  AND  VIBRAIOKY  STRESS  OF  TURBINE 
BLADE  HR  TREE  FASTENING 


Source 

(47)  pp  25,  28,  30,  87,  94 

Alloy 

NI  • 1 5GJ-10C r-5. 5AI -4. 7Ti-3Mo-U.  93 V 

Test 

Specimen 

4 x 1.5  x 0.5  Bar  Electron  Beam  Welded  to  Similar 
War.paloy  liar.  After  Heat  Treat, Machined  to  Specimen 
Described  Below 

Condition 

As  Cant  < Welded  * Real  Treat  (to  restrengthen  Waspaloy): 
1850F,  1 Hour  4 1550F,  4 Hour  ^ 14O0F,  1G  Hour  < 
Machined  to  Approximately  0.  3 x 0.  3 At  Test  Section 

Test  KT 

Temperature; 

Bosk:  Strength 
of  Welded  Alloys 


u.  IN  100 

1 tu‘  WaHi»ll«y 


115  KS1 
180  ESI 


Condition  Determined 
by  X-Hay  prior  to  Test 


Weld  C nicks 


(1) 


Failure  Strength  KS! 


112 

89.2 


Location  of  Failure 


Weld 

Weld 


(1)  Unused  by  loss  of  ductility  in  IN  100  as  result  of  change  in 
inicrv.Rruclurc  during  welding. 


TAUI.E  4.211  ROOM  TEMPERA  TURK  TENSILE  STRENGTH  OF 
WELDMENT  TO  WASRALOY 
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Source*  (47)  pp  25,  2(i,  34,  87,  94 


Alloy  Ni-15Co-10Cr-5.  5A1— 1. 7Ti-3Mo-0.  95V 


rest  Sped  men  k 4 x 1*  5 x 0. 5 Ban  Electron  Beam  Welded  to  Similar  Waapaloy  Bar.  After  Heat  Treat, 

Machined  to  Specimens  described  below. 


Condition  Ab  Cast  i Welded  * Heat  Treat  (to  reatrongthon  Wuspaioy):  1850F,  1 Ilr  < 1550F, 

4 Hr  * 14U0F,  l(i  Hr  + Machine  To  Approximately  0.3  x 0.3  at  Test  Section 


Street,  at  Failure 
Location  ,(Ksi) 


Location  of  Failure 


Test  Temperature 14 OOF 

Cnnriltior  i)etcrmined  by  Street,  at  Failure  Lift*  Location  of  1 

X-Ray  Prior  to  'Pest  Location ,(Ksi)  (Ur) 

Weld  Cracke(1>  31  0. 1 Weld 

Weld  Cracks*1*  Sli.5  31  Weld 

Good  54.0  >224.0^)  Waepa 

Weld  Cracks  15, 5 70. 5 Weld 

Weld  Cracks GO.  2 1.8  Weld 

(1)  Caused  by  loss  of  ductility  in  IN  100  us  result  of  change  in  microstructure  during  welding. 

(2)  Failure  in  Waspaloy,  wold  still  intact. 


>224.  G^) 


15  Co 
10  Cr 
5.5  A! 
4.7  Ti 
3 Mo 
0.95  V 


IN-100 


TABLE  4.  212  CHEEP  RUPTURE  AT  1400F  OF  ELECTRON  BEAM  WELDMENT  TO  WASPALOY 


Source (47)  pp  23,  2n,  33,  H7 

Alloy N 1 - 1 .r»Cn ■ - 1 0 Cr  - 5,  5 A t -4 . 7 Ti - H M< > - 0 . 9 5 V 

’iffit  Specimen  4 x 1.5  x 0,5  Bar  Electron  Beam  Welded  to  Similar  Waspaloy  Bur  < 

Heal  Treatment  as  Shown  Below  *■  Machined  to  Specimen  Shape  Shown 


Steady  Load  Applied  Axially,  Vibratory  Load 
Applied  Normal  To  Plane  «>f  Specimen 


Approx  I nut  Lely  0.12  x . 005  Thick  At  Minimum  Section 


As  Cast  k Welded  • Heat  Treat  (to  restrengthen  Waspaloy);  1800K,  1 !ir 
1550F,  4 Mr  • J400F.  ltt  Hr 


Tent  Temperature 
Condition  as  Determined 
by  X-ltay  Prior  to  Test 

Weld  CrjLckHU) 

Weld  (Jrnuka^ 

Good 


Static  Stress 
KSI 


Vibratory  Sires  a 

± KSI 


Cycles'  ’ 
To  Failure 


1.75  x 10" 

>jo7 


(1)  All  failures  in  wold 

(2)  Caused  by  loss  of  ductility  in  IN  Kill  :ik  result  of  change  in  micr«»Rtrueture  during  welding 


TABLE  4.213  FATIGUE  AT  RT  UNDER  COMBINED  STATIC  AND  VI  BRA 'ID  HY  STRESS  OF 
ELECTRON  BEAM  WELDMENT  'ID  WASi'ALUY 
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Ni 

15 

Co 

10 

Cr 

5.5 

Al 

4.7 

Ti 

3 

Mo 

0.95  V 

IN- 

100 

Source 

(47)  pp  27,  28,  38,  91,  110 

Alloy 

Ni-lGCo-lOCr-S.  5AI-4,  7Ti-:'iMo-0. 9f,V 

Test  Specimen  and  Brazing 


APPROX 


Faces  A arid  A1  and  C and  C1  Mate.  Douhle 
Fingers  B Fil  Into  Hollow  II1.  Prior  to  Brazing 
.0005  Ni  Plate  Deposited  on  Tines  t HOOF,  30  Min 
To  Bond.  For  Brazing  Clearances  . 002  to  . 004  In 
Main  tinned. 


Brazed  In  H2  At  2000F,  20  Min.  Diffusion  of  Braze-  1800F,  8 Hr  + igoOF,  8 Hr  t 1U5QF,  ftfi  Hr. 


Following  Braze  HT  to  Restcengther,  Waspoloy:  Fast  Cool  From  1950F  to  1000F  \t  40 F Per  Min  a 
1SS0F,  i Hr  + Cool  to  1Q0QF  i 14QCF,  16  Hr 


Tofii  Temperature 

11T 

Min  F IN  100  115  KSl 

Min  F^  Waspaloy  180  KSI 

Braze  Area 

Stress 

Location  of  Failure 

Percent 

KSI 

90 

112 

Blade  Radius 

90 

100  - 

IN  100 

Point  F in  Sketch  Above 

TABLE  4.221  ROOM  TEMPERA  TURK  TENSILE  STRENGTH  OF  BRAZED  ATTACHMENT 
TO  WA5PALOY 


Source 

(47)  pp  2h.  28,  39,  ill.  111) 

Alloy 

Ni  ir>Co-l0Cr-5.  5A1-4.  7Ti-3Mo-«. 95V 

j Depth  At  Tent  Section  Approximately  0.35  IN  I 

I | 

— *-U  -.951  -H 


Sec  Table  4.221  For  Details  of 
Geometry  of  Braze  Surfaces  and 
Brazing  Procedure 
Axial  Load  Applied  For  Steady  Stress 
Alternating  Stress  Applied  By  Resonant  Vibration 


Test  Temperature 

HT 

S title  Stress 

Alternating  Steen: 

Cycles  To  Fill  lure'll 

KSI 

KSI  (2) 

29.  a 

20.  4 

6 x 10® 

14.0 

10.2  for  I0h  cycles  i 1 3. 0 for  If/-  cycles 
< 17  to  failure 

l>,  2 x 1<)’! 

(i,9  for  ll/*  cycles  -»  10.2  for  111**  cycles 

29.  H 

^ 13.0  for  lo'»  cycles  ^ 17  for  1(V*  cycles 
* 20.4  to  failure 

1.9  x JO 

37 . 3 

6.9  for  10*’  cycles  * 10.2  for  10*’  cycles 

9.2  x If/’ 

-*  13. 0 to  failure 

22.  i 

13.  t; 

ni7 

(2)  If  failure  did  m»t  occur  in  111*'  c yule?*,  alternating  stress  was  Increased  for  an  additional  1(/’  cycles 
if  necvsHsiry  at  the  next  higher  stress  level  shown.  Failure  cycles  shown  are  for  la  l value  of 
alternating  ntrens  listed. 


4.222  FATIGUE  AT  HT  UNDER  COMBINED  STATIC  AND  VtBRA’D  >H  Y S j HESS  OF  BRAZED 
JOINT  SIMULATING  TUUIJINK  BLADE  FASTENING  TO  WAS  I'M  OY 
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Alloy 


(51)  p 209 


Ni-15Co-l()Cr-5.  5Al  -4.7Ti-3Mo-0.95V 


Condition 


Cast  and  Bonded  To  U7Q0  by  TLP  Process 


ttt 


Tost  Temperatun- 


Base  Metal 

Requirements  at  1400 F 

IN  100,  Min  KS1 

11-700  Min  KSI  > 

>tu  05.  i'ty  as 
n,  05.  Vtv  105 

Bonding 

Condition 

Ftu 

(KS1) 

<k  a, 

V 

CD 

KA 

ai 

Failure 

Location 

2D0OF,  4 Hrs 

137.3 

128. 1 

2.  3 

U.  (’> 

IN  100 

2000F,  4 Pro 

141.5 

127 

r».2 

10.  3 

IN  100 

2C00F,  4 Hrs 

140.4 

127 

4.0 

6.4 

Bond  Region 

21  OOF,  4 Mrs 

136, 1 

124.4 

4.2 

10.  3 

IN  100 

2 loop,  4 firs 

l ;n . 2 

128.1 

1.7 

2.  3 

IN  100 

2100 1**,  4 11  rs 

11?..  0 

129.4 

8.  6 

9.  .0 

IN  300 

2100  F,  4 Hrs 

134.8 

121.8 

3.8 

ID.  3 

IN  100 

(1)  TLP  is  Pratt  and  Whitney  Aircraft  7 'ratio  Name  fur  Transition -Liquid-Phase  Bond  by  adding  thin 
layer  between  surfaces  to  be  bonded  and  exposing  to  temperature  near  melting  point  in  vacuum. 
Melting  temperature  depressant  (Boren)  is  added  to  bonding  alloy.  Some  alloying  elements  ot  hast* 
composition  (i.e.  Al»  Ti,  C)  are  restricted  to  prevent  formation  of  stable  interlace  phases. 


TABLE  4.231 


TENSILE  PROPERTIES  AT  1400F  IT) It  TLP  BOND  BETWEEN  CAST  ALLOY  AND 
WROUGHT  UDIMET  700 


Ni 

15 

Co 

10 

Cr 

5.5 

Al 

4.7 

Ti 

3 

Mo 

0.95 

V 

IN-100 
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